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(57) Abstract 

An electronically programmable masking device 
(162) for photolithography applications, comprising an ac- 
tive liquid crystal micro array of programmable pixels 
(101), an interconnection system (138) and, in most em- 
bodiments, the drive and interface drcuitry. The program- 
mable pixels (101) can be electronically controlled to be 
opaque or transparent to the exposure light used in photo- 
lithographic exposure systems. The pixel (124) size must be 
such that when the pixel (124) is imaged on the target sur- 
face, the resulting size is compatible with the pattern reso- 
lution required on the target surface. The space between 
pixels (124), referred to as the pixel gap (106), inust be of a 
size such that it cannot be resolved by the optics (162, 166) 
of the exposure system. A communications link provides 
for direct downloading of patterning data to the device 
from external sources such as computer aided design 
(CAD) systems. 
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1 Specification 

2 "PROGRAMMABLE MASKING APPARATUS" 

3 

5 FIELD OF THE INVENTION 
6 

7 This invention relates generally to a programmable masking apparatus and more 

8 particularly to a liquid crystal based* electronically progranimable high resolution 

9 masking device and method for use in conjunction with image generation and image 
10 transfer systems. 

11 

12 A specific application of the present invention relates to programmable masking 

13 devices for use in conjunction with exposure systems for the puxpose of generating 

14 photolithographic images on photosensitive surfaces. 
15 

16 An even more specific application of the present invention relates to 

17 programmable reticles or masks for use in conjunction with ultraviolet exposure systems 

18 in the photolithographic processes associated with semiconductor manufacturing. In this 

19 specific application of the present invention, such programmable reticles or masks 

20 utilize a hquid crystal nucro-array of programmable pixels to define the desired opaque 

21 and transparent patterns of the reticles or masks. 
22 

23 

24 DESCRIPTION OF PRIOR ART 
25 

26 Photolithographic pattern generation relies mostly on optical exposure systems 

27 which transfer fixed patterns, previously defined on masking devices, to photosensitive 

28 target surfaces in the form of latent images. Such photolithographic pattern generation 

29 is widely used in the industry in large volume processes reqitiring pattern replication. 
30 

31 A major application of this technology is foimd in the semiconductor industry 

32 where such masking devices typically consist of glass or quartz substrates wherein the 

33 desired patterns are defined on hard surface films such as chrome or iron oxide. These 
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1 to accommodate the production requirements of a large combination of layers and 

2 products. These frequent changes result in substantial semp time penalties, causing a 

3 reduction in productivity of the associated e^osure systems, which normally range in 

4 cost from $300,000 to ova $1,000,000 each. 
5 

6 For several years the semiconductOT industry has been searching for cost effective 

7 means of diiecdy translating, in real time, computer aided design (CAD) data into 

8 patterns on the wafers. Direct electron beam writing systems can technically perform 

9 this task. However, their costs are in the minions of dollars and their throughputs are 

10 limited to a few wafers per hour compared to 30 to 60 wafers per hour for ultra violet 

11 exposure systems. These constraints make direct electron beam writing a cost 

■ 

12 ineffective technology for wafer manufacturing. To date, the practical use of such 

13 direct electron beam writing systems has been limited to research projects the 

14 commercial production of masks and reticles for use in conjunction with ultraviolet 

15 exposure systems. 
16 

17 The conventional technology which is based upon the use of fixed masks and 

18 reticles in conjunction with ultra violet exposure systems has proven to be a cost 

19 effective technology in producing semiconductor products in large volume. However, it 

20 suffers from a number of disadvantages, most significantly: 
21 

22 (a) The inability to image directiy onto a wafer surface, patterning data provided 

23 by a computer system, thereby seriously impairing the evolution of custom 

24 integrated circuit technologies and wafer scale integration. Wafer scale 

25 integration, is a technology outlined in further detail under the section 

26 covering the objects and advantages of the present invention. 
27 

28 (b) The requirement for maintaining and managing large inventories of masks and 

29 reticles to support a typical wafer fabrication facility. 
30 

31 (c) The substantial expenditures associated with the continuing need to generate 

32 new masks and reticles to support product updates and improvements. 
33 

34 (d) The additional two week typical delay in the introduction of new products 
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1 and product jvements resulting from the time necessary for the 

2 geuKation of ne masks and reticles. 



3 
4 



(e) The productivity losses due to the setup times associated with the frequent 

5 changes of masks and reticles which are typicaUy required in the course of 

6 the normal qperadon of a wafer processing facility. 



7 
8 
9 



(f) The inabiUty to support pattern repair process technology. Such technology 
could provide the means for achieving substantial yield increases in the 
0 manufacture of semiconductor devices. 

1 

2 The use of Uquid crystal technology for the purposes of producing programmable 

3 photoUthographic masking devices has been very limited. However U.S. Pat. 

4 No.4,653.860, issued on March 31, 1987. describes the use of a programmable liquid 

5 crystal shutter inserted in the light path of a direct wafer stepper to selectively 

6 iUuminate, under remote control, specific areas of a hard surface reticle. Unlike die 
current invention, this device does not operate diiectiy as a high resolution 
programmable patterning system. Rather, the patterns are defined by a conventional 

9 hard surface reticle which provides die desired image resolution and die iUumination is 
selectively controlled by a liquid crystal shutter inserted in die Ugfat padu As stated in 
diat patent its field of appticability is limited to diose applications requiring minor 
programming changes whereby the major portion of die reticle remains unchanged for 
23 the various programming options required. 
24 

25 

26 OBJECTS AND ADVANTAGES OF THE INVENTION 
27 

28 The general object of die present invention is to provide electronically 

29 progra mmab le high resolution masking devices. 
30 

31 Such programmable masking devices will use Hquid crystal technology to define 

32 an electronically programmable micro array of pixels. The optical resolution of diese 

33 devices will be compatible widi die specific requirements of each application. The 

34 pixels can be individually programmed to be transparent or opaque to die Ugh: used in 
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1 conjunction with each specific type of application of the present invention. Driving 

2 cirenitry will control the rows and columns of such naicro array, providing the 

3 capability of applying the appropriate control voltage to each pixel as means of defining 

4 the desired patterns. A bit map micro array memory will store the pattern data which 

5 is conveyed to the pixels via the driving circuitry. Interface circuitry will be 

6 incorporated enabling computer systems to communicate with the micro array memory 



7 in both the read and write modes. 
8 

9 Another general object of the present invention is to provide electronically 

10 programmable high resolution masking devices for use in conjunction with image 

1 1 transfer systems, as means for implementing direct imaging of computer generated 

12 patterning data onto photosensitive substrates or surfaces. 
13 

14 Still another object of the present invention is to provide programmable reticles 

15 and masks which can be integrated into the ultraviolet exposure systems used in 

16 semiconductor manufacturing, for the purposes^ of implementing, in real time, direct 

17 imaging of pattern generation data onto the surface of semiconductor waters. 
18 

19 Further objects and advantages of such programmable reticles and masks are: 
20 

21 (a) To provide a means of converting pattern generation data, directiy into liquid 

22 crystal micro array patterns which will appear in the optical plane normally 

23 occupied by conventional masks or reticles, when such masks or reticles are 

24 mounted in ultraviolet exposure systems in the proper position for the 

25 exposure of wafers. 
26 

27 (b) To provide means for downloading pattern generation data directly from a 

28 computer system into such programmable masks and reticles. 
29 

30 (c) To provide means for the efficient fabrication of fully customized integrated 

31 circuits with relative costs and fateication times comparable to those of 

32 coimnercial integrated circuits. This object can be achieved by the use of the 

33 present invention to translate computer aided design (CAD) data into patterns 

34 printable directiy onto a wafer surface. 



wo 91/10170 PCr/US90/07331 



-6- 

1 

2 (d) To eliminate the intennediate process step thiough which fixed masks and 

3 reticles are typically generated. 
4 

5 (e) To eliminate the inventory costs of masks and reticles typically associated 

6 with the conventional masks and reticles presentiy used in semiconductor 

7 manufacturing. 
8 

9 (f) To improve the productivity of expensive ultraviolet exposure systems by 

10 eliminating the setup times typically associated with conventional masks and 

1 1 reticles. 
12 

13 (g) To provide means for repairing defects which may have been detected, during 

14 the various inspections perforaied on the pattems produced on the wafer 

15 surface. Such inspections, are typically performed after photoresist image 

16 definition (in-process inspection) and after the completion of all the s^ps 

17 which constitute a complete photolithographic process sequence (final 

18 inspection). Such pattern repair may be accomplished with the use of the 

19 present invention by defining, in real time, an appropriate repair pattern based 

20 upon defect data collected during inspection. Such repair pattern would then 

21 be used in conjunction with an appropriate pattern repair process for the 

22 purpose of repairing defective pattems identified during inspection. 
23 

24 (h) To provide wafer stepper e>q)osure systems with the capability of changing 

25 critical dimensions and pattems from field to field to facilitate circuit 

26 performance optimization, yield enhancement and process in^rovement. 
27 

28 (i) To substantially reduce the cycle time required for the development and 

29 introduction of new integrated circuits. - 
30 

31 0) To provide wafer stepper exposure systems with the capability of printing 

32 different products on the same wafer by changing the reticle pattern under 

33 computer control while the exposure system steps from field to field. 



34 
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(k) To provide a cost effective approach for the iii:q)lementation of wafer scale 
integration. Wafo: scale integration refers to the creation of a complete 
electronic system on a silicon wafer, involving the three fundamental 
technologies outlined below: 

1. The technology to produce on the same wafer all the different types of 
integrated circuits required for a complete electronic system. This 
technology can be implemented by the use of the present invention as 
outlined above. 

2. The technology to identify through test procedures all the functional 
integrated circuits of each type on the sane wafer. This technology is 
currently available in the industry. 

3. The technology to gen«'ate, in real time, an appropriate interconnect 
pattern to produce a complete electronic system out of functional 
integrated circuits available on the same wafer. This technology can be 
implemented by the capability of the present invention to translate, in real 
time, computer aided design (CAD) data into interconnect patterns 
printable direcdy onto the wafer surface. 

Additional objects of the present invention are to provide electroiucaUy 
programmable high resolution masking devices for use in visual display projection 
systems, real time holography, printing systems and other applications requiring the high 
resolution and programmability of the present invention. 



% 
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1 DESCRIPTION OF THE DRAWINGS 
2 

3 In the drawings, which form an integral part of the specification of the present 

4 invention and which are to be read in conjunction therewith, and in which like 

5 reference numerals are employed to designate similar components in various views: 
6 

7 Fig, 1 is a simplified plan view depicting the principal components of a 

8 prefexied embodiment of the present invention; 
9 

10 Fig. 2 is a representational partial cross section taken along the line 2-2 in 

11 Fig, 1 depicting a portion of an active liquid crystal micro array and the 

12 peripheral circuitry associated with it; 
13 

14 Fig* 3 is a pictorial representation of the conductive coatings which serve as 

15 pixel electrodes for the active liquid crystal micro array shown in Fig. 1; 
16 

17 Fig, 4 is a representational partial top plan view illustrating the configuration 

18 of the active liquid crystal micro array shown in Fig, 1; 
19 

20 Fig, 5 is a representational partial cross section taken along the line 5-5 in 

21 Fig. 4 illustrating the configuration of one of the transistor switches used in the 

22 active liquid crystal micro array; 
23 

24 Fig, 6 is a pictorial representation of the micro array interconnection system 

25 comprising control lines, data lines, transistor switches and pixel electrodes in 

26 accordance with the present invention; 
27 

28 Fig. 7 is a representational partial plan view depicting the common electrode, 

29 pixel electrodes, gate control lines and data lines of the preferred embodiment; 
30 

31 Fig. 8 depicts two alternative configurations for the common electrode of Fig. 

32 7 comprising (1) the additior. of orthogonal metal traces to lower the sheet 

33 resistance of this electrode a a the addition of red (R), green (G) and blue 

34 (B) color filters for digital cc or iging; 



> 
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1 

2 Fig. 9 is a repxesentational partial cross section taken along the line 9-9 in 

3 Fig. 8, to further illustrate the orthogonal nietal traces; 
4 

5 Fig. 10 is a representational partial top plan view similar to that shown in 

6 Fig. 4 with the exception of the transistor switches which are configured with 

7 redundant terminals, depicting an alternate embodiment of the present invention; 
8 

9 Fig. 11 is a representational partial cross section taken along the line 11-11 in 

10 Fig. 10 showing a redundant field effect transistor switch with one source, two 

11 gates and two drains; 
12 

13 Fig. 12 is a representational partial top plan view illustrating a temporary 

14 interconnection system used for testing the integrity of the transistor switches 

15 associated with each of the pixels in the micro array; 
16 

17 Fig. ISA is a representational partial cross section illustrating a defect on the 

18 first layer metal of a redundant double layer metal interconnecting system; 
19 

20 Fig. 13B is a representational partial cross section illustrating a defect on the 

21 second layer metal of a redundant double layer metal interconnecting system; 
22 

23 Fig. 14A is a representational partial top plan view illustrating the principle 

24 for the dual layer interconnecting system according to one of the proposed 

25 embodiments of the present invention; 
26 

27 Fig. 14B is a representational partial top plan view illustrating a preferred 

28 configuration of the peripheral interconnect system comprising three layers of 

29 metalization; 
30 

31 Fig. 15 is a representational partial top plan view illustrating a contactiess 

32 connector system used in accordance with the present invention and comprising 

33 infrared transmitters and receivers; 
34 
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Fig. 16 is a represenational partial cross section taken along the line 16-16 in 
Fig. IS showing the configuration of the contactless connector system illustrated 
in Fig. 15; 



Fig. 17 is a sin^lified schematic diagram iUustrating one of the preferred 
circuits used to control the voltage appHed to each pixel as means of modulating 
its transparency; 

Fig. 18 is a pictorial representation of a photolithographic exposure apparatus 
illustrating die use of die programmable masking device of die present invention 
to generate images on a photosensitive target surface from data provided by a 
computer system; 

Fig. 19 is a pictorial representation illusttating the use of die programmable 
maskdng device of the present invention in a visual display projection system; 

Fig. 20 is a pictorial representation iUustrating die use of die programmable 
masking device of die present invention in a diree dimensional projection viewing 
system; 

Fig. 21 is a pictorial representation iUusttating die use of die programmable 
masking device of die present invention in a holographic imaging apparams; 

Fig. 22 is a pictorial representation iUustrating die use of die programmable 
masking device of die present invention in a printing apparatos. 
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1 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

2 

3 Various embodiments of the present invention are described in this section, 

4 starting with the embodiment with the simplest configuration which, for convenience, 

5 will be designated as the first embodiment. The description of this first embodiment is 

6 followed by an analysis of the technological problems associated with the 

7 implementation of the present invention. This analysis serves as the background for the 

8 improvements and features comprised in other embodiments described in this section 

9 which, for convenience, will be designated as second, third and fourth embodiments, 

10 Next, the issue of connectivity to an external computer system is addressed. This issue 

11 is followed by the description of a fifth embodiment which provides the capability of 

12 modulating the transparency of each pixel in the micro array. Then, there are some 

13 considerations related to special applications of the present invention to senuconductor 

14 manufacturing and finally two procedures are described, designated as test procedure 

15 and alternate interconnection procedure. These procedures overcome yield limitations in 

16 the manufacture of the embodiments described, thus providing cost effective means for 

17 commercially producing such embodiments. 
18 

19 Fig. 1 is a simplified plan view depicting the most relevant elements comprised in 

20 the preferred embodiments of the present invention. These elements are not necessarily 

21 included in each of these embodiments but are incorporated in this figure for reference 

22 in the descriptions which follow. This figure shows the active liquid crystal micro 

23 array 101 which is fiilly described in the first embodiment and represents the key 

24 element of the present invention. Within the micro array this figure shows the gate 

25 control lines 114 which must be sequentially enabled to provide a control voltage, via 

26 the data lines 115, to each pixel in the nucro array. The area surrounding the micro 

27 array provides space for the peripheral interconnect system 138 which is described in 

28 the fointh embodiment. This peripheral interconnect system comprises the integrated 

29 circuits in die. form 143, other interconnections shown in further detail in Fig. 14A and 

30 the conductive trace extensions 139 which are the extensions of the gate control lines 

31 and the data lines. Also depicted are the locations of the integrated circuit connecting 

32 pads 144, a ribbon cable connection 149 and an alternate contactless electronic 

33 connector described in detail in Fig. 15. 
34 
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1 The first embodiment 
2 



3 The first embodiment of the present mvention wiU be described with additional 

4 reference to figures 2 tbiough 9. 
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Fig. 2 is a representational partial cross section taJcen along Ime 2-2 in Fig. 1 
a portion of an active Uquid crystal micro array and the peripheral circuitry 
associated witii it The strucmral elements of the peripheral mterconnect system pertain 
to the fourth embodiment of the present invention and their description is covered in 



10 detail in that section. 
11 



This first embodiment of tiie present mvention comprises a glass primary substrate 
102 and a glass secondary substrate 103, both bonded to a thin perimeter spacer 109 
which holds tiie substrates in close proximity and parallel to each other. The volmne 
delimited by tiiese two paraflel substrates and the perimeter spacer forms a sealed 
16 chamber containing a liquid crystal material 108. 
17 

Each of the substrates is coated, on the umer side of the chamber, with a thir 
conductive transparent fihn such as aluminum or indium tin oxide. These conductive 
fihns are used to define die electrodes necessary for the operation of the Hquid crystal. 
On the primary substrate 102 die coating is patterned to form a micrx) array of discrete 
pixel electrodes 104 organized in rows and cohunns. On die secondary substrate 103 
die coating is continuous and forms the common electrode 105. This electrode 
encompasses an area equivalent to the entire micro array area defined on die primary 
substrate 102. The space between adjacent pixel electrodes is caUed die pixel gap 106. 
The areas defined by die pixel gaps 106 are used to locate die transistor switches 107 
by means of which die deshed control yoUages are appUed to each of the pixel 
28 electrodes 104. 
29 

The primary substrate 102 and die secondary substrate 103 are bodi coated on die 
outer side of die chamber widi a polarizing fikn shown in Fig. 2 as die primary 
substrate polarizer 202 and die secondary, sufasttate polarizer 203. These polarizmg 
fihns are oriented such diat die polarization angle between diem is 90 degrees, diereby 
insuring tiiat no light can be transmitted dirough bodi polarizing fihns when die 
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1 polarization angle is not rotated by the liquid crystal material 108. 

2 Fig. 3 is a perspective representation of tiie conductive coatings whicii serve as 

3 pixel electrodes for the active liquid crystal micro array of Figs. 1 and 2, It shows the 

4 pixel electrodes 104, the common electrode 105 and the pixel gaps 106. The area 

5 encompassed by the pixel gaps of the entire naicro array forms a set of rows and 

6 colmnns with a width equal to the pbcel gap 106. This area is used to locate the active 

7 electrical components and the interconnection system required for the operation of the 

8 liquid crystal micro array. The interconnection system incorporates a set of conductive 

9 traces which are extended towards the periphery of the micro array and are shown in 

10 several of the figures herein as the conductive trace extensions 139 (see Fig. 1). These 

11 traces provide the electrical connections between the pixel electrodes 104 and the 

12 control circuitry. 
13 

14 The above configuration is similar to that found in some active matrix liquid 

15 crystal displays. However, it diiffers with regards to the pixel size, the pixel gap and 

16 other features applicable to the various embodiments of the present invention. 
17 

18 Fig. 4 is a representational partial top plan view illustrating the configuration of 

19 the active liquid crystal micro array shown in Fig. 1. In the preferred embodiments of 

20 the present invention, the active electrical components are MOS thin film transistors 

21 made of polycrystalline silicon, commonly known as polysilicon. However, other 

22 semiconductor materials and device structures could be used in different embodiments. 
23 

24 As shown in this figure, the polysilicon is patterned in rectangular islands 110 

25 laying along the columns of pixel gaps 106. As an alternative, the polysilicon could be 

26 patterned in long strips covering the entire length of the columns of pixel gaps 106. 

27 The MOS transistors are configured with the control gate area 111 of each transistor in 

28 line with a row of pixel gaps 106. This configuration offers a simple layout where the 

29 gate control lines 114 are straight metal traces patterned over the rows of pixel gaps 

30 106, thus creating a common gate electrode for all the MOS transistors in a row . The 

31 other two electrodes of the MOS transistor, known as the source and the drain, are 

32 patterned as a source contact 112 and a drain contact 113 to the polysilicon material 

33 These electrodes are located on opposite ends of the rectangular polysilicon island 110. 

34 The source contact is connected to the pixel tab 116 of an adjacent pixel electrode 104 
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1 and the diain contact is co. . to a metal trace fomiing a data line 115 patterned 

2 over the column of pixel gaps which the transistor is located. 



3 
4 
5 
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Fig. 5 is a representational partial cross section taken along die line 5-5 in Kg. 4 
illustrating the configuration of one of die transistor switches used in die active liquid 

6 crystal micro array. TTie cross section shows die structure of the MOS transistor widi 

7 die source 118 and die drain 117 farmed in die polysilicon island 110. The pixel tab 
116 is patterned over die source contact 112 and die data line 115 is connected to die 
drain contact 113. The gate structure is formed by die oxide 119. which is diermally 

10 grown over die polysiUcon island 110. The cross section also shows diat die data line 
115 which runs over die polysilicon islands along die columns of pixel gaps is 
12 electrically isolated from die underlying smicuires by die dielectric 120 
13 

Fig. 6 is a pictorial representation of die active matrix interconnection system 
comprising die control lines 114, die data lines 115, die transistor switches 121 and die 
pixel electrodes 104. It funher illustrates, in schematic form, die configuration of die 
interconnection system dirough which connrol voltages are applied to die pixel 
electrodes. As shown, die pixel tab 116 of each pixel electrode 104 is connected to a 
data Ime 115 via a simulated transistor switch 121. The trace on a specific row is 
connected to die control gates of aU die transistor switches 121 on diat row and 
becomes a gate control hne 114. The trace on a specific column is connected to die 

22 odier electrode of all die transistor switches 121 on diat column and becomes a data 

23 line 115. Also shown are the pixel gaps 106. 
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Fig. 7 is a representational partial plan view depicting die common electrode 105, 
die pixel electrodes 104, die gate control lines 114 and die data lines 115 which are' 
shown widi an interdigitated layout. As shown in tins figure, die configuration 

28 described above offers a simple layout where die gate control lines 114 and die data 

29 lines US are sought metal traces patterned over die rows and columns of pixel g^s. 

30 Bodi of diese sets of traces are extended beyond die edge of die micro array of pixels 

31 to an area where it is practical and feasible to create electrical connections to die drive 

32 circuitry which controls die electtonic state of each pixel. In dus figure, die data hues 

33 115 are depicted widi interdigitated extensions, whereas die gate control lines 114 are 

34 depicted widi non interdigitarnd extensions. The common electrode 105, deposited on 
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1 the secondary substrate and shown on a higher plane, in this figure, is connected to a 

2 perimeter trace 122 which is patterned around the penmeter of the common electrode 

3 105. In turn, this perimeter trace is connected to the electrical ground of the piimary 

4 substrate interconnection system. Also shown in this figure, in a lower plane^ are the 

5 pixel electrodes 104. 
6 

7 Fig. 8 depicts two alternative configurations for the common electrode 105 

8 comprising (1) the addition of orthogonal metal traces to lower the sheet resistance of 

9 this electrode and (2) the addition of red (R), green (G) and blue (B) color filters for 

10 digital color imaging. This figure shows the common electrode 105 and the perimeter 

11 trace 122 described above. 
12 

13 The &st alternative configuration comprises a set of orthogonal metal traces 123 

14 deposited over those areas which match the rows and columns of pixel gaps on the 

15 primary substrate. These orthogonal metal traces divide the common electrode 105 into 

16 pixel areas 124 which match the pixel electrodes on the primary substrate. As a result, 

17 the effective sheet resistance of the common electrode 105 will be substantially reduced 

18 causing the micro array to respond faster to the control signals which determine the 

19 state of each pixel. 
20 

21 This &st alternative configuration can be further modified to provide a precise 

22 edge defiiution of each pixel. As described above, the complex structures built on the 

23 surface of the primary substrate may cause a minimum amount of pixel edge 

24 irregularities. Such irregularities will not be resolved by the image transfer optics of 

25 the exposure system and, therefore, will not impair the satisfactory operation of this 

26 device. However, for special applications, it may be desirable to provide a precise 

27 edge definition of each pixel. This may be achieved by making the width of these 

28 orthogonal metal traces slighUy larger than the pixel gap and by using a metal such as 

29 chrome, which offers excellent edge definition, to generate the orthogonal metal traces. 
30 

31 The second alternative configuration comprises further the deposition of red (R), 

32 green (G) and blue (B) color filters over the pixel areas 124, as shown in Fig. 8, for 

33 applications of the present invention requiring color imaging. 
34 
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Fig. 9 is a representationai partial cross section taken along the line 9-9 in Fig. 8 
to furtiier iUustrate the orthogonal metal traces 123, As shown, the conductive fflm 
which forms the common electrode 105 is deposited over the secondary substrate 103 
and the orthogonal metal traces 123 are then deposited on the lower surface of the 
common electrode 105. The space between the metal traces 123 comprises the pixel 
areas 124 described above. Since the sheet resistivity of these metal traces is orders of 
magnitude lower tiian tiiat of die conductive film which forms die common electrode 
105, tiie effective sheet resistance of the common electrode 105 is substantiaUy reduced 
by the addition of these orthogonal metal traces 123. 

Analysis of the technological problems associated with the implementation of the 
present invention. 

In order to produce an image of acceptable quality on die target surface, any 
embodiment of die present invention must satisfy two fundamental conditions: 

(1) The pixel size in the moo airay must be such diat die resulting size of die 
pixel image on die target surface is compatible . widi die applicable pattern 
generation design rules. More specificaUy, die size of die pixel image on die 
target surface must be such diat die minimum feature size dictated by die 
appUcable pattern generation design rules wiU be equal to or wiU be a 
multiple of die size of die pixel image on die target surface. 

(2) The widdi of die pixel gap m die micro array must be less dian die minimum 
size which can be resolved by die image transfer optics of die 
photoUdiogiaphic exposure system. This condition will insure diat die 
patterns imaged on die target surface are ftee of gaps between adjacent pixels. 

Compliance widi diese two conditions is a fundamental requirement for die proper 
operation of die present invention. Therefore, die pixel size and die widtii of die pixel 
gap, in any embodiment of die present invention, must be tailored to comply widi die 
requirements dictated by die exposure system to be used and die minimum feature size 
to be produced. 



*1 
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1 Pixels in the micro array may have a variety of different shapes such as circular, 

2 triangular, rectangular, etc. and may be organized in a variety of different configurations 

3 such as a rectangular array, a polar array or other suitable configuration. However, 

4 most practical implementations of the present invention will use a rectangular array of 

5 square pixels compatible with the elemental cell of typical computer aided design 

6 (CAD) systems, 

* 

7 

8 The second, third and fourth embodiments of the present invention pertain to 

9 applications requiring very high density micro arrays, where the number of pixels in the 

10 micro array may range from 100 million to over one billion. Such types of 

11 applications will be found in the semiconductor industry as shown in the examples 

12 which illustrate the uses of the various embodiments described. When xht number of 

13 pixels reaches the above values, the defect limited yields and the connectivity must be 

14 properly analyzed in order to establish the requirements for the practical and economical 

15 producibility of such embodiments. The example which follows will clearly illustrate 

16 these problems and will explain the solutions offered by the second, third and fourth 

17 embodiments of the present invention to address such problems. 
18 

19 Consider a roicro array with the following characteristics: 
20 

21 * Array configuration: 15,000 by 15,000 pixels 

22 * Pixel size: 4 microns by 4 microns 

23 * Pixel gap: 1 micron 

24 * Interconnect trace width: 1 micron 

25 * Effective gate area: 1 micron square 
26 

27 Such micro array would comprise a total of 225 million pixels and encompass an 

28 area approximately 7.5 by 7.5 centimeters square. The total equivalent area occupied 

29 by all the gates in the micro array would correspond to approximately 2.25 square 

30 centimeters and the total equivalent area occupied by all the interconnect traces within 

31 the system, including the conductive trace extensions, would correspond to 

32 approximately 22.5 square centimeters. 
33 

34 With current technology, defect densities of 0.5 defects per square centimeter can 
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be achieved. On the basis of this defect density, the first embodiment of the present 
invention would have a high probability of exhibiting at least one defect in the control 

3 gate of one of the transistor switches, and at least eleven defects in the interconnect 

4 system metal traces. Since these programmable masking devices must be defect free, 

5 the first embodiment, described above, are not recommended for applications requiring 

6 very high density micro arrays. 
7 

Connectivity also presents a technological difficulty. In the example above, the 
micro array would have two orthogonal sets of metal traces. Each set would comprise 

10 15.000 traces, one micron wide, with four micron spaces between two adjacent traces. 

11 The connection of these traces to the drive circuitry via any type of cabling system 
would be clearly impractical if not inq)ossible to implement, making the first 
embodiment of the present mvention. described above, undoable for this type of 

14 application. 
15 

16 The basic problems, presented above, ars successfuUy addressed by the second, 

17 third and fourth embodiments of the presenr invention described below. 
18 

19 The second embodiment 
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13 
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The second embodiment of the present invention is described with reference to 
figures 10. 11 and 12. This embodiment is configured with double transistor switches 
23 to address the gate area integrity problem discussed above. 
24 



25 
26 



Fig. 10 is a representational partial top plan view similar to tiiat shown in Fig. 4 
witii die exception of the transistor switches which are configured with redundant gate 

27 and drain terminals. Like Fig. 4. tins figure shows tiie pixel electrodes 104 connected 

28 to the source contact 112 of the transistor switch, via the pixel tab 116. However, the 
transistor switches in tiiis second embodiment are configured two control gates and 
two drain contacts shown in this figure as the primary control gate 125. die primary 
drain contact U6. die secondary control gate 127 and the secondary drain contact 128. 

32 As explained in funher detail below, these secondary electrodes are used to replace the 

33 primary electrodes when die presence of a defect in die primary control gate causes the 

34 transistor switch to malfunction. When required, due to a defective primarv control 
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1 gate 125, the secondary control gate 127 is connected to the gate control line 114 by a 

2 metalization patch shown as the secondary control gate connection 129. The procedure 

3 for applying this metalization patch is described in detail under the special test and 

4 repair procedure at the end of this section. Also shown in this figure are the data lines 

5 115, the pixel gaps 106 and the polysilicon islands 210, all of which have been 

6 explained with reference to Fig. 4« 
7 

8 Fig. 11 is a representational partial cross section taken along the line 11-11 in 

9 Fig. 10 showing a redundant field effect transistor switch with one source, two gates 

10 and two drains. The cross section shows the structure of the redundant MOS transistor 

11 with die source 118, the primary drain 130 and the secondary drain 131 formed in the 

12 polysilicon island 210. Like in Fig. 4, the pixel tab 116 is patterned over the source 

13 contact il2. However the data line 115 is shown connected to the secondary drain 

14 contact 128 rather than the primary drain contact 126. This figure is intended to 

15 illustrate the secondary control gate connection 129 connecting the secondary control 

16 gate 127 to the gate control line 114. When the primary control gate 125 is found to 

17 be defective, this alternate connection is made in its place. The cross section also 

18 shows the thermal oxide 119 and the dielectric 120 which have previously described 

19 with reference to Fig. 4. 
20 

21 Fig. 12 is a representational partial top plan view illustrating a temporary 

22 intercormection system used for testing the integrity of the transistor switches associated 

23 with each of the pixels in the micro array. Each polysilicon island 210 has one source 

24 contact 112, a primary control gate 125, a primary drain contact 126, a secondary 

25 control gate 127 and a secondary drain contact 128. The temporary interconnection 

26 system comprises a set of temporary source test lines 132 and a set of temporary drain 

27 test lines 133. Each temporary source test line 132 is coimected to the source contact 

28 112 of each of the transistor switches adjacent to that line and each temporary drain 

29 test line 133 is connected to the primary drain contact 126 of each of the transistor 

30 switches adjacent to that line. Like for normal operation, each gate control line 114 is 

31 cormected to the primary control gate 125 of each transistor in the row associated with 

32 that gate control line. With this temporary intercormection system every transistor 

33 switch in the micro array can be individually tested for functional integrity. The 

34 secondary control gates 127 and the secondary drain contacts 128 are not cormected 
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during this test procedure. AU gate control lines 114, temporary source test lines 132 
and temporary drain test lines 133 are tenninated on probing pads providing electrical 
3 access to these interconnections. 
4 

5 If a primary control gate is found to be defective, as detennined by test 

6 procedures such as those outiined at the end of tiiis section, alternate connections are 

7 made in place of their primary counterparts. The secondary control gate 127 is 

8 connected to tiie gate control line 114 via tiie alternate gate connection 227 and tiie 
secondary drain contact 128 is connected to tiie temporary drain test line 133 via tiie 
alternate drain connection 228. Fig. 12 also depicts tiie defective gate area 225 and tiie 
primary drain link 226 explained witii reference to an alternate interconnection 

12 procedure used to modify tiiese metal interconnections which is outiined at tiie end of 

13 tins section . This procedure is an integral part of tiie technology required for tiie 
14- production of the various embodiments of tiie present invention. 

15 

16 The third embodiment 

17 

18 The thu-d embodiment of the present invention is described witii reference to 

19 figures 13A and I3B. This embodiment is identical to eitiier of the previously 
described embodiments except tiiat it is configured witii two layers of metal traces 
directiy applied over each otiier as a means of circumventing tiie metal trace 

22 discontmuities generated by photolithographic defects. 
23 



20 
21 



24 
25 
26 



Fig. 13A is a representational partial cross section illustrating a defect on tiie first 
layer metal of a redundant double layer metal mterconnecting system. It depicts tiie 
second layer metal 135 directiy superin^rased over tiie first layer metal 134 and a 
27 typical defect on the first layer metal 136. 
28 

29 Fig. 13B is a representational partial cross section illustrating a defect on tiie 

30 second layer metal of a redundant double layer metal interconnecting system. It also 

31 depicts tiie second layer metal 135 directiy superimposed over tiie first layer metal 134 

32 and a typical defect on the second layer metal 135. 
33 

34 These two layers of metal are mdependentiy patterned in order to statisticaHy 
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1 insure that defects on one layer do not coincide with defects on the other layer. 

2 Electrical continuity of the control lines and the data lines is therefore assured and the 

3 integrity of the interconnection system is properly safeguarded* 
4 

5 An alternative to this dual layer metal interconnect system is a single layer metal 

6 interconnect system used in conjunction with the pattern repair technology outlined 

7 under the section describing the objects and advantages of the present invention. This 

8 technology can be used to repair the typical defects which would normally occur during 

9 paueming of the metal interconnection system. Missing metal may be repaired by 

10 selectively depositing a bridging metal trace over each metal discontinuity. Excess 

11 metal may be removed by selectively removing the excess metal. 
12 

13 The fourth embodiment 
14 

15 The fourth embodiment of the present invention is described with reference to 

16 figures 2, 14A and 14B. This embodiment is configured with a double layer 

17 metalization system on the periphery of the micro array. This peripheral metalization 

18 system provides the space and the interconnections necessary to incorporate the drive 

19 and interface circuitry on the surface of the primary substrate. At the same time, the 

20 control lines and the data lines are extended beyond the periphery of the micro array to 

21 the outer edge of the peripheral metalization system and become an integral part of this 

22 system. The configuration of this fourth embodiment, incorporating the drive and 

23 interface circuitry as integral parts of the programmable masking device, circumvents 

24 the cormectivity problems presented above by eliminating the need for any type of 

25 cabling connections between the micro array and the drive circuitry. 
26 

27 As previously indicated. Fig. 2 is a representational partial cross section taken 

28 along line 2-2 in Fig. 1 depicting a portion of the active liquid crystal micro array and 

29 the peripheral circuitry associated with it. The structural elements of the active liquid 

30 crystal micro array have already been described with reference to the first embodiment 

31 of the present invention and need not be repeated. The structural elements of the 

32 peripheral interconnect system are associated with the fourth embodiment of the present 

33 invention and are described in this section. The right side of Fig. 2 shows the 

34 conductive trace extensions 139 deposited over the primary substrate 102. The second 
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1 metalization traces 142, are isolated from the conductive trace extensions 139, by a 

2 dielectric isolation layer 141. The intennetallization connection 140 establishes the 

3 electrical connection between the conductive ttace extensions 139 and the second 

4 metalization 142. Also shown are the integrated circuit in die form 143 connected to 

5 the second soetalization 142. 



6 



7 Fig. 14A is a representational partial top plan view illustrating die layout principle 

8 for die dual layer interconnecting system used in tiiis founh embodiment of the present 

9 invention. It depicts tiie conductive trace extensions 139, tiie second metalization traces 

10 142, die intermetailization connections 140 and die circuit connecting pads 144. The 

11 first set of pads labeled A 145 is connected, via die second metalization traces 142 and 

12 die intermetalization connection 140, to die first group of traces 146 of die conductive 

13 trace extensions 139. The second set of pads labeled B 147 is connected, via die 

14 second metalization traces 142 and die intermetalization connection 140, to die second 

15 group of traces 148 of die conductive trace extensions 139. This configuration is 

16 continued witii additional groups of traces connected to additional sets of pads located 

17 in die area extending towards die periphery of die primary substrate. This layout 

18 overcomes potential spacial constraints and provides die necessary space for aU of die 
conductive trace extensions 139 to be connected to die ^propriate circuit connecting 
pads 144. Hiese circuit connecting pads 144 are used to accept die connection to die 
integrated circuits in die form as shown in Fig. 2. Such pads may also be used as 
probing pads to test die integrity of die transistor switches in die micro array in 

23 accordance widi die special test procedures outlined below. 
24 

25 Fig. 14B shows a variation of diis embodiment configured widi a diree layer 

26 metalization system, where die first layer is fomied by die conductive trace extensions 

27 139, die second layer is formed by die second metalization traces 142 and die tiiird 

28 layer comprises die circuit connecting pads 144. Widi tins configuration, die metal 

29 traces on die second layer Ue on a plane which is separated by a layer of dielectric 

30 from die plane containing die circuit connecting pads. The addition of die diird 

31 metaUzation layer, as shown in Fig. 14B, removes die constraint tiiat die traces of die 

32 second metalization must be placed around die area covered by die circuit connecting 

33 pads. Such traces can now be routed in die areas beneadi die circuit connecting pads, 
dius providing improved utilization of die space available for interconnections and 
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1 increasing the packing density of the interconnect system. This configuration further 

2 allows the circuit connecting pads to be extended to encompass a circuit connection 

3 area 244 and a probing area 344 as illustrated in Fig. 14B* This three layer 

4 metalization will be specifically recommended for programmable masking devices with 

5 more than 256 million pixels which will require a higher packing density for the drive 

6 and interface circuitry. 
7 

8 Connectivity to an external computer system 
9 

10 The operation of the active matrix micro array, which is the object of the present 

11 invention, relies upon the capability of establishing the required electrical connections 

12 between the conductive trace extensions and the drive circuitry and further between the 

13 drive circuitry and an external computer system. When the number of conductive trace 

14 extensions does not exceed 1000, direct ribbon cable coimections, similar to those used 

15 in liquid crystal displays can be successfully implemented in manufacturing. However, 

16 when the number of conductive trace extensions substantially exceeds - 1000, such 

17 connections would be very difficult if not iiiq}ossible to successfully implement. 

18 

19 For those applications of the present invention requiring that many conductive 

20 trace extensions, the fourth embodiment of the present invention, described above, 

21 provides a viable solution since it eliminates the requirement for such connections. 
22 

23 Still to be addressed, is the problem of connectivity between the drive circuitry 

24 and an external computer system to be used in conjunction with the present invention. 

25 This problem is less severe than the cormectivity between the conductive trace 

26 extensions and the drive circuitry since, in this case, the total niunber of interconnecting 

27 lines would not exceed 256 under the worse possible circumstances. A coimection with 

28 this limited number of lines can easily be implemented, as shown in Fig. 1, with the 

29 ribbon cable cormection 149. As an alternative, a contactiess data communications 

30 coimector system physically attached to the primary substrate can be used, as shown in 

31 Fig. 1, and described in detail with reference to figures 15 and 16. 
32 

33 Fig. 15 is a representational partial top plan view illustrating a contactiess 

34 coimector system comprising a set of collimated infrared transmitters and receivers. 
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1 Interconnect traces 153 patterned .ver the primary substrate 102, establish the electrical 

2 connection between the interface circuitry and dual sets of infrared transmitters 150 and 

3 infrared receivers 151. On the connector body 152 which is physically separated from 

4 the primary substrate 102, there are matching sets of infrared transmitters 150 and 

5 infrared receivers 151 together with their respective interconnect traces 153. 
6 

7 Fig. 16 is a representational partial cross section taken along the line 16-16 in 

8 Fig. 15 showing the configuration of the contactiess connector system iUustrated in Fig. 

9 15. It shows die primary substrate 102 physically separated from the connector body 
0 152, and shows tiieir respective infrared ffansmitters 150 and infixed receivers 151 
1 

2 When tiie programmable masking device is installed in an exposure system, tiie 

3 infrared transmitters and receivers wiH be aHgned witii a matching set of receivers and 

4 transmitters mounted in die exposure system. Witii tins configuration, tiiere is no 

5 physical contact between die two sets of transmitters and receivers and, as a result, die 

6 programmable masking device is provided widi a stress free data communications 

7 infrared link. Tias feature will be significant in appUcations, such as semiconductor 

8 microiidiography, where die alignment of die programmable masking device must be 

9 held within a fraction of a micron. 
20 

21 The fifth embodiment 

<^ 

23 The fifth embodiment of the presen:- ravcntion is described widi reference to 

24 figure 17. This embodiment is subsiantiaiiy die same as die fourtii embodiment 
described above widi die addition of special circuitry to individually control the voltage 
level appUed to each of die pixels in die micro array as means of modulating die 

27 relative transparency of each pixel. 
28 



25 
26 



29 
30 



Fig. 17 is a simplified schematic diagram illustrating one of die preferred circuits 
used to conttol die voltage appUed to each pixel as means of modulating its 

31 transparency. It shows a group of N data lines 115 connected to die ouqiuts of a 1 to 

32 N analog switch 158. The input of die analog switch 158 is connected to die output of 

33 a digital-to-analog (DAC) convener 157 which generates die desired analog voltage to 

34 be applied to a specific - il from digital data stored temporarily in an N word 
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1 memory 156. The DATA IN ports of this memory 156 are coraiected to a data bus 

2 154 providing a data cormnimications link to the computer system which controls the 

3 programmable nricro array. An address bus 155 carries the required address 

4 infonnation to the SELECT ports of both the N word memory 156 and the analog 

5 switch 158. The circuit of Fig. 17 is repeated for each group of N data lines as many 

6 times as necessary to cover all the data lines in the micro array. The same data bus 

7 154 and address bus 155 provide the required data and address information to all of 

8 these circuits in accordance with the configuration shown in Fig. 17. 
9 

10 Considerations related to special applications of the present invention. 

11 

12 One of the most significant applications of the present invention will be as a 

13 programmable masking device for the ultraviolet exposure systems used in 

14 semiconductor microlithography. For this specific type of application, any embodiment 

15 of the present invention must further comply with the following constraint: 

16 

17 The liquid crystal material, the two substrates and the conductive coatings must 

18 offer a combined level of transparency to ultraviolet light compatible with the 

19 requirements of the specific exposure system to be used in the photolithographic 

20 processes. 
21 

22 For the longer wave lengths, in the 340 to 470 nanometer range, such substrates 

23 can be made of high quality glass of the type used for semiconductor photolithography 

24 masks. For the shorter wave lengths, in the 240 to 350 nanometer range, such 

25 substrates need to be made of quartz because glass exhibits excessive ultraviolet light 

26 absorption in this region of the spectrum. 
27 

28 The referenced conductive coatings on the substrates must be sufficientiy thin in 

29 order to comply with the transparency requirements outlined above. The minim um 

30 conductive coating film thickness allowable in such coatings is determined by the 

31 maximum allowable sheet resistance of the film which in turn is dependent on the pixel 

32 surface area. The mathematical relationship between these parameters is such that, for 

33 proper operation, the ratio between the pixel surface area and the film thickness must 

34 not exceed a certain value determined by the electrical time constant of the electronic 
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1 equivalent of a pixel element. Since the typical pixel surface area to be used in most 

2 appiications of the present invention will be only 10 to 500 square microns, the 

3 conductive coating film thickness used for such applications can be adjusted to comply 

4 . with the requirements for transparency to ultra violet light. 
5 

6 Special procedures 
7 

8 The two special procedures described in this section, a test procedure and an 

9 altOTiate interconnection procedure, are associated with the second, third and fourth 

10 embodiments of the present invention and are specifically recommended for very high 

11 densiQ' micro arrays. 
12 

13 The test and repair procedure provides means for testing the integrity of every 

14 transistor switch in the micro array. It consists of the sequence of steps which are 

15 outlined below with reference to the figures indicated in parenthesis; 
16 

17 (a) Defining on the polysilicon islands 210 (Fig. 12) the double polysilicon 

18 transistor switches as described in the second embodiment of the present 

19 invention; 
20 

21 (b) Defining the first layer metalization, comprising the following: 

22 1. The gate control lines 114 (Fig. 12) within the micro array area; 

23 2; The conductive urace extensions 139 (Fig. 2) of the gate control lines 114 

24 (Fig. 10) within the peripheral metal intercoimect system 138 (Fig. 1); 

25 3. The conductive trace extensions 139 (Fig. 2) of the data lines 115 (Fig. 

26 10) within the peripheral metal intercoimection system 138 (Fig. 1); 

27 4. The gate area of the secondary control gates 127 (Fig. 10); 
28 

29 (c) Depositing and patterning a dielectric isolation layer covering entirely the gate 

30 control lines 114 (Fig. 1) and the peripheral metal interconnect system 138 

31 (Fig. 1). Such patterning must include contact openings to the second 

32 metalization traces 142 (Fig. 2) in the peripheral metal interconnect system 

33 138 (Fig.l); 
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1 (d) Defining the second layer metalizadon/ comprising 

2 1. Two inierdigitated sets of temporaiy test lines placed over the areas 

3 corresponding to columns of pixels. The first set, comprises the 

4 temporary source test lines 132 (Fig. 12), Each of these test lines is 

5 connected to the source contacts 112 (Fig. 12) of all the transistor 

6 switches adjacent to the column of pixels over which that test line is 

7 placed. The second set, comprises the temporary drain test lines 133 

8 (Fig. 12). Each of these test lines is connected to the primary drain 

9 contacts 126 (Fig. 12) of all the transistor switches adjacent to the 

10 column of pixels over which that test line is placed. In addition, these 

1 1 two sets of test lines will connect to the conductive trace extensions 139 

12 (Fig. 1) of the data lines 115 (Fig. 10) defined during the first layer 

13 metalization as described in sections (b) 2. and (b) 3. above; 

14 2. The second metalization of the peripheral metal interconnect system, 

15 comprising the intermetalization connections 140 (Fig. 14A), the second 

16 metalization traces 142 (Fig. 14A) and, if the intended configuration only 

17 comprises two metal layers, the circuit coimecting pads 144 (Fig. 14 A) 

18 which will be used as probing pads; 
19 

20 (e) This step, applicable only if the intended configuration comprises three metal 

21 layers, consists of depositing and pattenting a dielectric isolation layer 

22 covering entirely the peripheral metal interconnect system 138 (Fig. 1) and 

23 including contact opeiungs to the third metalization layer; 
24 

25 (f) This step, applicable only if the intended configuration comprises tiiree metal 

26 layers, consists of defining the tiiird layer metalization comprising the 

27 intermetalization connections 140 (Fig. 14B) and the circuit connecting pads 

28 144 (Fig. 14B) which may incorporate the probing areas 344 (Fig. 14B); 

29 

30 (g) Testing every transistor switch in the micro array by probing the appropriate 

31 pads; 
32 

33 (h) Removing the primary gate connection to the gate control line 114 (Fig. 12) 

34 and primary drain connection to the drain test line 133 (Fig. 12) of any 
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transistor switches found to be defective and replacing the same by alternative 
connections to the redundant counterparts of such defective transistor switches. 
This is done by means of the alternate interconnection procedure defined 



4 below; 
5 

6 (i) Repeating tiie applicable portions of tiie above test procedure to verify that aU 

7 replacement transistor switehes are functional; 



0) Removing the temporaiy source test lines 132 (Fig. 12), die temporary drain 
test lines 133 (Fig. 12). the alternate gate connections 227 (Fig. 12) and the 
11 altOTiate drain connections 228 (Fig. 12); 

12 



(k) Defining die pixel electrodes 104 (Fig. 10) with die pixel tabs 116 (Fig. 10) 
connected to the source contacts 112 (Fig. 10) of the matching transistor 
15 switches; 



(1) Depositing a layer of dielectric over die columns of pixel gaps 106 (Fig. 12) 
containing the transistor switches and patterning tins dielectric, where 
appUcable due to failure of die primary transistor, widi openings to the first 
metal previously deposited over die gate area of die secondary control gates 



21 127 (Fig. 12); 

22 



(m) Defining die secondary control gate connections 129 (Fig. 10) where 
applicable due to failure of die primary transistor switch; 



(n) Depositing dielectric over die secondary control gate connections 129 (Fie 
27 10); ^* 



(o) Defining die appropriate contact openings to die primary drain contact 126 
(Fig. 10) or to die secondary drain contact 128 (Fig. 10). as may be 



31 applicable. 
32 



(p) Defining data hnes 115 (Fig. 10) over die columns of pixel gaps 106 (Fig. 
10) containing die transistor switches. These lines connect eidier die primary 
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1 drain contact 126 (Fig. 10) or the secondary drain contact 128 (Fig. 10), as 

2 may be applicable, of each transistor switch in that column of pixel gaps 106 

3 (Fig. 10) to a matching conductive trace extension 139 (Fig. 1) in the 

4 peripheral interconnect system 138 (Fig. 1); 
5 

6 (q) Die attaching and testing the peripheral circuitry. 
7 

8 (r) Replacing peripheral circuits found to be defective. 
9 

10 (s) Connecting the peripheral circuits to the peripheral interconnect system. 
11 

12 The alternate interconnection procedure provides means for replacing every 

13 defective transistor switch in the micro array by an alternate transistor switch which is 

14 to operate in its place. It consists of the following sequence of steps applicable to each 

15 defective transistor switch: 
16 

17 (a) Locally removing by a selective photolithographic process the dielectric 

18 isolation and the metal over the defective gate area 225 (Fig. 12), which is 

19 the area where the gate control line 114 (Fig. 12) lies over the primary 

20 control gate 125 (Fig. 12) of the primary transistor switch; 
21 

22 (b) Locally removing by a selective photolithographic process the primary drain 

23 link 226 (Fig. 12) which is the coimection between the drain test line 133 

24 (Fig. 12) and the primary drain contact 126 (Fig. 12) of the defective 

25 transistor switch; 
26 

27 (c) Selectively depositing dielectric over the defective gate area 225 (Fig. 12) of 

28 the defective primary transistor switch; 
29 

30 (d) Defining appropriate contact openings to the gate control line, on both sides 

31 of the defective gate area 225 (Fig. 12); 
32 

33 (e) Defining the following alternate metal connections: 

34 1. The alternate gate connection 227 (Fig. 12), which connects the gate 
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1 
2 



control line 114 (Fig. 12) to the secondary gate 127 (Fig. 12) of the 
defective transistor switch and bridges the gap generated on the gate 



3 control line 114 (Fig. 12) by step (a) above; 



4 2. 
5 



The alternate drain connection 228 (Fig. 12). which connects the 
temporary drain test line 133 (Fig. 12) to the secondary drain contact 128 



6 (Fig. 12) of the defective transistor switch. 
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1 OPERATION OF THE INVENTION 
2 

3 The operation of the prograxmnable masking device which is the object of the 

4 present invention is described first with reference to Fig. IS which illustrates the use of 

5 this device in direct imaging photolithographic applications. Next, the operation of the 

6 various embodiments of this device, is described with reference to Figs. 19, 20, 21 and 

7 22 which illustrate the use of such embodiments in projection systems for visual 

8 display, three dimensional imaging, holographic imaging and printing systems, 

9 respectively, 
10 

11 Fig. 18 is a pictorial representation of a photolithographic exposure apparams 

12 illustrating the use of the programmable masking device, which is the object of the 

13 present invention, to generate images on a photosensitive target surface directiy from 

14 data provided by a computer system, a technology presentiy described as direct 

15 imaging. This programmable masking device, built entirely of solid state elements, 

16 operates in conjunction with exposure systems in a manner similar to conventional non 

17 progranunable nmsking devices. The apparatus of Fig. 18 comprises a light source 159 

18 within a light housing 160 which is equipped with a light shutter 161. The light 

19 generated by the light source 159 is directed by the illumination optics 162 onto the 

20 surface of a programmable masking device 164 where it provides uniform illumination 

21 163. A computer system 165 provides the pattern generation data necessary to generate 

22 the desired transparent images on the micro array of the progranmiable masking device 

23 164. These images are then transfexred by means of the exposure optics 166 onto the 

24 photosensitive target surface 167. Under nomoal operating conditions, the computer 

25 system 165 can download to the programmable masking device 164 the desired 

26 patterning data while the photosensitive target surface 167 is being aligned to the 

27 exposure optics. Upon completion of the alignment, the shutter 161 is momentarily 

28 opened for a preset exposure time. This cycle is then repeated with the next 

29 photosensitive target surface or the next site on the same photosensitive target surface. 

30 In most photolithographic applications, typical exposure systems designed to 

31 operate with conventional masking devices, must be modified to accommodate the 

32 larger size of the programmable masking device which is the object of tiiis invention. 

33 However, once installed, this programmable masking device needs only to be removed 

34 to perform repairs and maintenance or to install another programmable masking device 
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1 with different characteristics. 
2 

3 Other than instaUation, repair and maintenance, human intervention is not needed. 

4 Under normal operating conditions, a computer system wiU be required for the use of 
this programmable masking device. The con5)uter system wiU fuUy support and control 
such programmable masking device by downloading the required pattern generation data 
to the micro array memory. When appropriate, this computer wiU also provide controls 

8 to refresh and modify the pattems geneiated. 
9 

10 Some of the most significant photolithographic applications for tiiese 

11 programmable masking devices wiU be found in die semiconductor industry where such 

12 devices will introduce manufacturing flexibiUty, in^rove yields, reduce cycle times and 

13 reduce manufacturing costs. 
14 



5 
6 
7 



15 
16 
17 



More specifically, these devices will provide means for repairing patterning 
defects on wafers, programming or altering the functionaUty of integrated circuits, cost 
effectively producing custom integrated circuits and generating complete systems on a 
18 single wafer. 
19 

When tb& exposure apparams is a wafer stepper, die computer system controlling 
the programmable masking device should be interfaced to such wafer stepper to 
synchronize die pattern generation with die mechanical stepping motion of the stepper. 



20 
21 
22 
23 
24 



Odier very important applications of die present invention will be found in the 

25 cost effective manufacture of micro integrated systems comprising integrated circuits, in 

26 the die form, interconnected on a micro substrate. Such micro substrate wiU be 

27 produced by a technology similar to that used for the generation of die peripheral 

28 interconnect system of die programmable masking devices which are die subject of die 

29 present invention. 



30 
31 
32 
33 
34 



The manufacture of die programmable masking devices provides anodier important 
application for dieir use. As outiined in die section covering die description of die 
present invention, the fabrication of diese programmable masking devices requires die 
use of programmable photolidiography for performing repairs and making alternate 
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1 interconnections. Such progranamable photolithography can be inxplemented with the 

2 use of another programmable masking device specifically configured for such 

3 application. 
4 

5 Fig. 19 illustrates the operation of the present invention in a visual display 

6 projection system. Such system comprises a light source 159 within a light housing 

7 160. The light generated by the light source 159 is directed by the illumination optics 

8 162 onto the surface of the programmable masking device 164 where it provides 

9 uniform illumination 163. A heat shield 168, is inserted in the light path to protect the 

10 progranmiable masking device 164 from the heat emitted by the light source 159. A 

11 video signal processing system 169 provides the digital video image generation data 

12 necessary to generate the desired transparent images on the micro array of the 

13 programmable masking device 164. These images are then transfeired by means of the 

14 projection optics 170 onto a visual projection screen 171. Under normal operating 

15 conditions, the video signal processing system 169 continuously downloads to the 

16 programmable masking device 164 digital video imaging data at a rate compatible with 

17 video display imaging. The fifth embodiment of the present invention with the color 

18 imaging feature described previously would provide the proper features for the 

19 implementation of projection color television and multiple page computer monitor 

20 projection display systems. 
21 

22 Fig« 20 illustrates an application similar to that of Fig. 19 with the addition of a 

23 polarizer 172 for three dimensional projection viewing. All the elements described with 

24 reference to Fig. 19 have identical functions with reference to Fig. 20 and need not be 

25 repeated. The polarizer 172 is used in conjunction with polarizing glasses for three 

26 dimensional viewing. Under the control and synchronized by the video signal 

27 processing system 169, the polarizer 172 alternates the polarization of the light 

28 emerging from the programmable masking device 164 between two orthogonal planes, 

29 thus providing separate images for each one of the viewer's eyes. 
30 

31 Fig. 21 illustrates the use of this invention in holographic imaging applications. 

32 For such applications, a laser source 173 would emit a laser beam 174 which would be 

33 dispersed by the dispersion optics 175 to provide uniform laser illumination 176 over 

34 the siuface of the programmable masking device 164. Under the control of an 
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holographic signal processing sy nem 177 hologiuphic patterns would be generated on 
the programmable masking device 164 which could be observed by the viewer 178. 
Since the patterns on the programmable masking device 164 could be continuously 
changed, the system described could provide means for the hnplementation of digitally 
controUed holographic television and computer monitor holographic viewing systems. 
Color holography could be implemented, as well, by the use of a laser source 
combming red. green and blue beams sequentiaUy fired in synchronism with the 
viewdng ftames for each color generated by the holographic signal processing system 
177. 

Fig. 22 iUustrates still another potential ^pUcation for the present invention as a 
printing apparatus. It presumes that the imagmg data is available in digital format such 
as that generated directly by a computer system or otherwise generated by digitizuxg a 
real image. Such apparatus would comprise a light source 159 within a light housing 
160 equipped witii a Hght shutter 161. The Hght generated by the Ught source 159 
would be directed by the illummation optics 162 onto the surface of die programmable 
nmsking device 164 where it would provide uniform illumination 163. An hnage 
processmg system 179 would provide die digitized hnaging data necessary to generate 
the desired transparent images on die micro array of the programmable masking device 
164. These images would then be transferred by means of the projection , optics 170 an 
the operation of the light shutter 161 onto a photosensitive reproducing device 180. 
This photosensitive reproducmg device 180 would subsequentiy produce hard copies of 
the images defined on its surface. For simplicity. Fig. 22 depicts die photosensitive 
reproducing device 180 in a planar configuration. However, a cylindrical configuration 
such as die conventional drum of most modem office printing machines could also be 
used provided die projection optics would be equipped widi a scanning device 
synchronized widi the movement of such drum. 

CONCLUSI ONS. RAMIFICATIQNS AND SrO PP 

)grammab] 



of die present invention, introduces a new level of flexibility in die industrial use of 
photoUdiography by providing die capability for translating computer aided design 
(CAD) data, direcdy into images produced on a photosensitive target surface. At die 
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1 same time, it opens new oppommities in the fields of high definition projection color 

2 television, multiple page computer monitor projection display systems, holographic 

3 television, holographic computer monitor systems and printing devices. Some of the 

4 most important applications of the present invention will be found in the semiconductor 

5 industry, which is highly dependent upon the use of microlithography. The technology 

6 provided by the present invention will open tiie door to major evolutions in this 

7 industry in that: 
8 

9 * it will permit the design and manufacture of small volume custom integrated 

10 circuits to be done at a cost comparable to that of commercial integrated 

11 circuits produced in high volume; 
12 

13 * it will permit the cost effective development of wafer scale integration, a 

14 technology whereby complete electronic systems, such as computers, can be 

15 built on a single wafer; 
16 

17 * it will provide the means to substantially increase semiconductor 

18 manufacturing yields by offering a technology for pattern repair, and 

19 

20 * it will provide means to substantially reduce product development and 

21 manufacturing cycle times. 
22 

23 While the descriptions herein contain many specificities, these should not be 

24 constraed as limiting the scope of the present invention but as nierely providing 

25 illustrations of some of the most relevant embodiments of the present invention, 
26 

27 For example, this electroiucally programmable masking device could be used in 

28 the printed circuit board industry to perform direct imaging from printed circuit layout 

29 data provided by computer systems. 
30 

31 Accordingly, the scope of the present invention should be determined not by the 

32 embodiments illustrated, but by the appended claims and their legal equivalents. 
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CLAIMS 



1- 



In an imaging system including a source of iUumination, iUumination optics, a 
masking device, and projection optics for directing light passing through said masking 
device onto a target surface, an inqjroved masking device comprising: 

means forming a liquid crystal micro array including a pluraUty of contiguous 
discreet programmable pixels wherein each of said pixels functions as a light valve for 
the light directed onto said target surface; and 

means responsive to extemaUy generated input control signals for individually 
controlling in real time tiie optical light valve state of each of said pixels. 

2. An improved masking device as recited in claim 1 wherein tiie size of die image 
of each of said programmable pixels on die target surface is equal to or is a sub 
multiple of die minimum feature size to be generated on die target surface. 

3. An improved masking device as recited in claim 2 wherein adjacent pixels are 
separated by gaps of predetermined widtii and wherein die widdi of die gap between 
any two adjacent pixels is less dian die minimum size which can be resolved by said 
optics so diat patterns imaged on a target surface are free of gaps between adjacent 
pixels. 

4. An improved masking device as recited in claim 1 wherein said Hquid crystal 
micro array is comprised Of: 

a transparent primary substrate coated on one side with a transparent conductive 
film patterned to form an array of pixel electrodes and coated on a second side widi a 
light-polarizing film; 

a transparent secondary substrate coated on one side with a continuous transparent 
conductive film forming a common electrode for said array of said pixel electrodes and 
coated on a second side widi a light-polarizing fjim; 

means for precisely spacing and aUgning said primary and said secondary 
substrates paraUel to each odier so that said one sides form the opposite sides of a flat 
sealed chamber; 

a liquid crystal material disposed within said chamber; 

an array of transistor switches fomied on die surface of said primary substrate and 



if 
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14 configured such that each of said switches is associated with one of said pixel 

15 electrodes; 

16 a set of electronic control lines formed by conductive material deposited on the 

17 surface of said primary substrate; 

Ig a set of electronic data lines formed by conductive material deposited on the 

19 surface of said primary substrate; 

20 means for interconnecting the control electrode of each of said transistor switches 

21 to one of said control lines; 

22 means for interconnecting each of said pixel electrodes to one of said data lines 

23 via an electronically switchable connecdon made by one of said transistor switches; and 

24 means for coupling said input control signals to said control lines and said data 

25 lines. 

15. An improved masking device as recited in claim 4 wherein for the purpose of 

2 reducing the effective sheet resistivity of said common electrode, said secondary 

3 substrate further includes an opaque conductive film patterned over those areas of said 

4 secondary substrate delineated by the shadow of the space not occupied by the pixel 

5 electrodes on said primary substrate when said programmable masking device is 

6 operated under intended illumination conditions. 

1 6. An improved masking device as recited in claim 5 wherein for the purposes of 

2 providing a precise optical definition of the edges of each of said pixels in said micro 

3 array, the transparent area of each of said pixels is optically defined by the edges of 

4 said opaque conductive film formed on said secondary substrate* 

1 7. An improved masking device as recited in claim 6 and further including a discreet 

2 color filter optically associated with each said pixel, the color of each said color filter 

3 being selected from the group consisting of red, green and blue colors, said color filters 

4 being respectively positioned relative to adjacent color filters such that a particular 

5 grouping of said color filters define a pattern which is repeated over said micro array 

6 of programmable pixels. 

0 

1 8. An improved masking device as recited in claim 4 wherein said array of transistor 

2 switches is configured with one primary transistor switch associated with each of said 
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pixel electrodes, and at least one secondary transistor switch associated with each of 
said pixel electrodes as means of providing transistor switch redundancy, and further 
including means for substimting through alternative intercomiections, one of said 
secondary transistor switches for one of said primary transistor switches. 

9. An inq,roved masking device as recited in claim 4 wherein for each 
mtercomiection fonned via said connol lines and said data lines at least one alternate 
interconnection is provided. 

10. An improved masking device as recited in claim 9 wherein said alternative 
interconnections are created by forming said control lines and said data lines with 
multiple layers of conductive material direcdy superimposed upon each other with each 
layer being generated with a separate photolithographic operation as a means of 
stansticaUy insuring that defects on one layer do not coincide with defects on another 
layer, m turn statisticaUy insuring that said control lines and said data lines are ftee of 
undesirable discontinuities. 

11. An improved masking device as recited in clahn 9 wherein said alternative 
mtercomiections are created by locaUy deposited a bridging metal trace over any 
discontinuity identified in said control lines and said data lines. 

12. An improved masking device as recited in claim 4 wherein said primary substrate 
is extended to include an area laying outside the per^hery of said micro array; 

a set of drive integrated circuits disposed upon said area and providing means for 
controlling the optical Kght valve state of each of said pixels; 

a set of interface integrated circuits disposed upon said area and providing means 
for interfacmg and data linking said drive integrated circuits to an external computer 
system for electronically processing and generating the desired paneniing data; 

a multi-layer metalization system formed upon said substrate within said area; 

a set of bonding pads formed upon said substtate witiiin said area prodding 
means for comiecting said set of drive integrated circuits and said set of interface 
integrated circuits to said multiple layer metalization system; 

means for connecting said set of control lines and said set of data lines to 
appropriate points on said multiple layer metalization system; 
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14 a set of probing pads formed upon said substrate within said area providing 

15 means for connecting extemal test systems to appropriate test points of said multiple 

16 layer metalization system, said test points being sucii as to provide means for testing 

17 the integrity of the electronic system of said programmable masking device; and 

18 means for connecting said set of interface circuits to a data communications 

19 connector system incorporated in said primary substrate wherein said data 

20 communications connector system can provide an interconnection to an extemal data 

21 communications link providing access to said extemal computer system. 

1 13. An improved masking device as recited in claim 12 wherein said data 

2 communications connector system includes a coupling device for each data 

3 communications line and wh^ein the physical components of the transmitter portion 

4 and the receiver portion of said coupling device are physically isolated from each other 

5 so as to insure that no mechanical strain is applied to said programmable masking 

6 device by said connector system. 

1 14. An improved masking device as recited in claim 13 wherein said transmitter 

2 portion is an infrared transmitting device and said receiver portion is an infirared 

3 receiving device. 

1 15. An improved masking device as recited in claim 4 wherein said means for 

2 controlling the light valve state of each of said pixels includes means for controlling the 

3 voltage applied between each of said pixel electrodes and said common electrode 

4 thereby providing means for modulating the transparency of each of said pixels. 

1 16. An improved masking device as recited in claim 15 wherein said means for 

2 controlling the voltage applied between each of said pixel electrodes and said common 

3 electrode includes a digital-to-analog converter circuit. 

1 17. An improved masking device as recited in claim 1 wherein the optical 

2 characteristics of each said light valve are compatible with their use in conjunction with 

3 photolithographic exposiu-e systems operating with ultraviolet illumination in the range 

4 of 240 to 470 nanometers. 
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18. A method for testing the integrity of the transistor switches of a programmable 
masking device including a micro array of discrete pixel electrodes disposed in an 
orderly array of rows and coimnns on a transparent substrate forming one waU of a 
chamber containing a liquid crystal material, a first set of electrical conductors disposed 
to overlay rows of spaces separating adjacent rows of said electrodes, a second set of 
electrical conductors disposed to overlay colmmis of spaces between said electrodes 
darecttd orthogonal to said lows of spaces and an array of transistor switches, each of 
which IS disposed proximate on the intersection of ones of said first and second 
conductors and electrically comtected thereto for selectively applying a controlled 
voltage to a selected pixel electrode, comprising the steps of 

defining by means of photoUthographic processes a set of electrical 
interconnections linking each of die electrodes of each of said transistor switches in 
said airay to a set of probing pads on die periphery of said micro array, said set of 
probing pads providing means for electrically accessing each of said transistor switches- 
performing predetermined electrical tests to establish die integrity of each of said 
transistor switches; and 

removing by means of photoKthographic processes tiie portions of said electrical 
mterconnections which have no fimher use in Ae final configuration of said 
programmable masking device, 

19. A mediod for substimting die intercomiections of any primary transistor switch of 
a programmable masking device which may be defective by making interconnection to 
a matchmg secondary transistor switch in a micro array of discrete pixel electrodes 
disposed in an orderly array of rows and columns on a transparent substrate fomiing 
one wall of a chamber containing a liquid crystal material, a first set of electrical 
conductors disposed to overlay rows of spaces separating adjacem rows of said 
electrodes, a second set of electrical conductors disposed to overlay columns of spaces 
between said electrodes directed orthogonal to said rows of spaces and an array of 
transistor switches, each including a primary transistor device and a secondary transistor 
device disposed proximate on die intersection of ones of said first and second 
conductors and electricaUy comiected diereto for selectively applying a controlled 
voltage to a selected pixel electrode, -comprising die steps of; 

removing by means of selective photolitiiographic processes die ptoions of die 
electrical intercomiections linking die primary gate and die primary drain of each said 



wo 91/10170 PCT/US90/07331 



-41- 

15 primary transistor switch which has no further use in the final configuration of said 

16 programmable masking device; and 

17 defining and generating by means of selective photo-lithographic processes an 

18 alternative set of inter-connections to each said secondary transistor switch which will 

19 be required to operate in place of a corresponding primary transistor switch found to be 

20 defective. 

1 20. A method of direct imaging onto a target surface patterns defined by patterning 

2 data provided by a computer system, comprising the steps of: 

3 providing a source of illumination; 

4 providing a programmable masking device including a liquid crystal micro array 

5 having a plurality of contiguous discrete programmable pixels responsive to electrical 

6 inputs and each of which pixels functions as a light valve for blocking or transmitting 

7 light; 

8 providing means for directing light from said light source through said masking 

9 device and onto said target surface; and 

10 providing electronic means for selectively programming each of said 

11 programmable pixels so that light passing through said masking device forms a desired 

12 image on said target surface. 

1 21. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and is a patterned substrate and wherein the image 

3 cast onto said substrate is used to photolithographically repair patterning defects 

4 previously identified on said patterned substrate. 

1 22. A method of durect imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and the light passing through said masking device 

3 is used to alter the functionality of a solid state chrcuit formed upon said target surface 

4 by altering specific patterns on said solid state circuits in response to digital data 

5 generated by said computer system and input to said masking device to control the 

6 pattern of light generated thereby. 

1 23. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and said image causes a solid state circuit forming 
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3 
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1 
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1 
2 
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1 



1 
2 
3 



6 



said target surface to have specific patterns altered thereon in response to electronic 
signals input to said masking device by said computer system. 



24. A method of direct imaging onto a target surfece as recited in claim 20 wherein 
said target surface is photosensitive and further con^g the step of employing said 
image to produce custom soHd state circuits by generating die specific patterns required 

4 for production tiiereof direcfly fix>m digital data provided by said con^uter system. 

25. A metiiod of direct imaging onto a target smfece as recited in claim 20 wherein 
said target surface is photosensitive and further comprising die step of employing said 
image to change fiom site to site the patterns printed on a substrate witii the use of a 

4 step-and-repeat exposure system. 

1 26. A metiiod of direct imaging onto a target surfece as recited in claim 20 wherein 

2 said target surface is photosensitive and further including tiie step of employing said 

3 image to pnxiuce electronic inter-comiections in eiectronic devices disposed on said 

4 photo-sensitive target surface. 



27. A metiiod of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is a visual projection screen and wherein each pixel of die projected 

3 miage corresponds to digitized video infortnation input to said masking device from a 
computing system. 



4 of: 
5 



28. A metiiod of direct imaging onto a target surface as recited in claim 20 wherein 
said prt,grarmiiable pixels are fomied by pixel elecinxies and a common electiode 
havmg a liquid crystal material disposed tiierebetween and fimher comprising die step 



controlling die voltage applied between said pixel electrodes and said common 
electrode to control die Hght valve state of each of said pixels tiiereby providing means 
7 for modulating die transparency of each of said pixels. 

1 29. A metiiod of direct imaging onto a target surface as recited in claim 28 and 

2 further comprising the step of: 

3 pn)viding a digital-to-analog converter drcmt for controlling die voltage applied 
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4 between each of said pixel electrodes and said common electrode. 

1 30- A method of direct imaging onto a target surface as recited in claim 20 for 

2 generating in real time three-dimensional digitized video images by causing said 

3 programmable masking device to alternatively develop cross*polarized images which 

4 when viewed with polarizing eyeglasses appear to a viewer to provide a three- 

5 dimensional image. 

1 31. A method of direct imaging onto a target surface as recited in claim 20 and 

2 further comprising using said masking device to generate, in real time, holographic 

3 images in response to digitized holographic video data input thereto from a computing 

4 means. 

1 32. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensidve and further comprising projecting the image cast by 

3 said masking device into a printing means to reproduce on paper digitized video images 

4 coiiesponding to digitized video signals input to said masking device from a computing 

5 means. 

1 33. A method of providing a masking device for use in conjunction with a source of 

2 illumination, illumination optics, and exposure optics for directing light through said 

3 masking device and onto a target surface, comprising the steps of: 

4 providing a transparent primary surface coated on one side with a transparent 

5 conductive film patterned to form an array of pixel electrodes and coated on a second 

6 side with a light-polarizing film; 

7 providing a transparent secondary substrate coated on one side with a continuous 

8 transparent conductive film forming a common electrode for said array of pixel 

9 electrodes and coated on a second side with a light-polarizing film; 

10 providing means for precisely spacing and aligning said primary and said 

11 secondary substrates parallel to each other so that said one sides form the opposite 

12 sides of a fiat sealed chamber, 

13 providing a liquid crystal material disposed within said chamber; 

14 foiming an array of transistor switches on the surface of said priniary substrate 

15 configured such that each of said switches is associated with oiie of said pixel 
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16 electrodes; 

17 fomiing a set of control lines by depositing conductive material on the smface of 

18 said primary substrate; 

19 fonning a set of data lines by depositing conductive material on tiie surfece of 

20 said primary substrate; 

21 providing means for interconnecting the control electnxle of each of said transistor 

22 switches to one of said control lines; 

providing means for intercomiecting each of said pixel electrodes to one of said 
dam lines via an electricaUy switchable connection made by one of said transistor 



23 
24 

25 switches; and 

26 providing a means for coupling input control signals to said control lines and said 

27 data lines. 

1 34. A metiuxi of providing a masking device as recited in claim 33 and fimher 

2 comprising the step of: 

reducing die effective sheet resistivity of said common electrode by providing an 
opaque conductive film on said secondary substrate over those areas of said second 
substrate delineated by the shadow of the spaces separating the pbcel electrodes on said 
primary substrate when said programmable masking device is operated under intended 
7 illumination conditions. 



3 
4 
5 
6 



1 35. A metiiod of providing a masking device as recited in claim 34 and fuitiier 

2 comprising the step of: 

opticaUy defining die edges of said opaque conductive film formed on said 
secondary substrate to provide a precise optical definition of the edges of each of said 
5 pixels in said micro array. 



3 
4 



1 36. A metiiod of providing a masking device as recited in claim 33 and further 

2 conqaising the step of: 

providing a discrete color filter in optical association witii each said pixel 
electrode, the color of each said color filter being selected fiom die group consisting of 
red, green and blue colors, said color filters being respectively positioned relative to 
adjacent color filters such tiia: a particular grouping of said color filters defines a 
pattern which is repeated over - .^aid micro array of programmable pbcels. 



3 
4 
5 
6 
7 
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1 37. A method of providing a masking device as recited in claim 33 and further 

2 comprising the steps of: 

3 configuring said array of transistor switches to have one primary transistor switch 

4 and at least one secondary transistor switch associated with each of said pixel 

5 electrodes to provide transistor switch redundancy; and 

6 providing means for substituting, through alternative interconnections, one of said 

7 secondary transistor switches for one of said primary transistor switches. 

1 38. A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 forming at least one alternative interconnection for each interconnection formed 

4 via said control lines and said data lines. 



1 39. A method of providing a masking device as recited in claim 38 and further 

2 comprising the step of: 

3 creating said alternative interconnections by forming said control lines and said 

4 data lines with multiple layers of conductive material diiectiy superimposed upon each 

5 other with each layer being generated by a separate photo-lithographic operation as a 

6 means of statistically insuring that defects on one layer do not coincide with defects on 

7 another layer so as to statistically insure that said control lines and said data lines are 

8 free of undesirable discontinuities. 

1 40. A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 repairing discontinuities in said data lines and said control lines by locally 

4 depositing a bridging metal trace over any discontinuity identified therein, 

1 41. A method of providing a masking device as recited in claim 33 and further 

2 comprising the steps of: 

3 extending said primary substrate to include an area on the periphery of said micro 

4 array forming a multilayer metalization system in said area; 

5 disposing a set of integrated driver circuits upon said area to provide means for 

6 controlling the optical light valve state of each of said pixels; 
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7 J^^P°«»g - ^« of integrated interface circuits upon said 

8 -^^-g -ci data-linking said integrated driver circuit ^ 
system for electronicaUy processing and generating desired patterning data; 

11 mtegrated dnver arcmts and said set of integrated interfece circuits to said multiple 

12 layer metalization system; ^ 

pnnWing tor coni»cdng said set of conmd Ito« ™d said set of daa lines 

to appropnaiD poiias on said multiple layer metalization system- 
providing a set Of ptobing pads in said area to conne« external test systems to 
appro .est ptAtts of said multiple layer metalization system, said .est points being 

such as to nrnviriA moo... .... ^ e 



13 

14 
15 
16 
17 



such as to provide means for testing the electrical int^crrit^ «f 

t„ ^ . ^ eiectncai mtegnty of said programmable 

18 masking device; and B^^uuuauia 

19 providing means for connecting said set of intetfice circuits to a data 

20 commumcanons connect, system incotporated in one of said subsna.es to provide an 

21 »»«on«cnon to an ex«mal data communication link pn,vWng access to an extern 

22 computer system. w^wicium 

1 4Z A ■ne^KKi of providing a masking device as reci«»l in claim 41 and fu^ 

2 compnsmg the step of: luraier 

3 



prov^g a coupling device for each data communications line in said connect 
system and for causing the physical components of tite transmitting portion and the 
™g pornon of said coupling device » be physically isolated fiom each oti.er so 
as to msute dm no mechanical strain is applied «, said programmable Wing device 

bv said COimectnr cvctf.™ ^ ^viuc 



1 43. A ™*od of poviding a masldng device as recited in claim 42 and furto 

2 compnsmg the step of: 

3 providing^ in^ared transmitting device for use in said transmitting portion and 

4 providing an mfcared receiving device for use in said receiving portion. 

1 44. A metiiod of providing a masking device as recited in claim 33 and further 

2 comprising tiie step of; ^uiiaer 

3 controlling the voltage applied between said pixel electrodes and said common 

4 electrode to control the Ught valve state of each of said pixels tiiereby providing means 
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5 for modulating the transparency of each of said pixels. 

1 45. A method of providing a masking device as recited in claim 44 and further 

2 comprising the step of: 

3 providing a digital-to-analog converts circuit for controlling the voltage applied 

4 between each of said pixel electrodes and said common electrode. 

1 46. A method of providing a masking device as recited in claim 33 and furth» 

2 comprising the step of: 

3 selecting the opdcal characterisdcs of each said light valve to be compatible with 

4 its use in conjunction with exposure systems operating with ultraviolet illumination in 

5 the range of 240-470 nanometers. 
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(SEE FIG. 15} 
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115-DATA LINE 




Fig. 4 
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123-METAL TRACES 




122-PERIMETER TRACE 



105-COMMON ELECTRODE 



124-PiXEL AREAS 



Fig . 8 
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(57) Abstract 

An electronically programmable masking device 
(162) for photolithography applications, comprising an ac- 
tive liquid crystal micro array of programmable pixels 
(101), an interconnection system (138) and, in most em- 
bodiments, the drive and interface drcuitry. The program^ 
mable pixels (101) can be electronically controlled to be 
opaque or transparent to the exposure light used in photo- 
lithographic exposure systems. The pixel (124) size must be 
such that when the pixel (124) is imaged on the target sur- 
face, the resulting size is compatible with the pattern reso- 
lution required on the target surface. The space between 
pixels (124), referred to as the pixel gap (106), must be of a 
size such that it cannot be resolved by the optics (162, 166) 
of the exposure system. A communications link provides 
for direct downloading of patterning data to the device 
from external sources such as computer aided design 
(CAD) systems. 
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Spedfication 
"PROGRAMMABLE MASKING APPARATUS" 

FIELD OF THE INVENTION 

This invention relates generally to a jnogrammable masking^ apparatus and more 
particularly to a liquid crystal based« electromcally piogranimable high resolution 
masking device and method for use in conjunction with image genraadon and image 
transfer systems. 

A specific application of the present invention relates to programmable masking 
devices for use in conjunction with exposure systems for the purpose of generating 
photolithographic images on photosensitive surfaces. 

An even more specific application of the present invention relates to 
programmable reticles or masks for use in conjunction with ultraviolet exposure systems 
in the photolithographic processes associated with semiconductor manufacturing. In this 
specific application of the present invention, such programmable reticles or masks 
utilize a liquid crystel micro^array of programmable pixels to define the desired opaque 
and transparent patterns of the reticles or masks. 

DESCRIPTION OF PRIOR ART 

Photolithographic pattern generation relies mostiy on optical exposure systems 
which transfer fixed patterns, previously defined on masking devices, to photosensitive 
target surfaces in the form of latent images. Such photolithographic pattern generation 

is widely used in the industry in large volume processes requiring pattern replication. 

* 

A major application of tiiis technology is found in the semiconductor industry 
where such masking devices typically consist of glass or quartz substrates wherein the 
desired patterns are defined on hard surface films such as chrome or iron oxide. These 
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10 
11 
12 
13 
14 



1 films must be opaque to the ultra violet Ught required for the operation of the wafer 

2 exposure systems used in the microlithography of semiconductor wafers. In this 

3 application, such masking devices are used in two distinct configurations. In die first 

4 configuration, known as a mask, die masking device con^rises a large number of 

5 identical patterns, where each pattem conesponds to a semiconductor device or dicuit. 

6 In die second configuration, known as a reticle, die masking device typically comprises 

7 die patterns corresponding to one integtated circuit Masks are used widi wafer 

8 exposure systems which transfer die mask patterns to a wafer surface in a single 

9 operation. Reticles are used widi wafer exposure systems known as wafer steppers 
which ttansfer die pattem on die reticle to a large number of sites on die wafer by 
sequentially stepping from site to site and repeating die exposure operation at each site. 



20 
21 
22 



In accordance widi present technology, diese masks and reticles are typicaUy 
fabricated widi electton beam writing systems which, by means of photoUdiographic 

15 techniques, translate con^uter aided design (CAD) data into permanent patterns on die 

16 surface of the transparent substrate. 
17 

18 The complete wafer fabrication process for each specific device or integrated 

19 circuit requires a set of masks and/or reticles which comprises aU die patterning layers 
required by die specific fabrication process. Depending upon technology, die number of 
diese layers may vary from a few, for very simple processes, to approximately 30 for 
very complex processes, widi 12 to 16 being typical for most integrated circuit process 

23 technologies. 
24 

25 Masks and reticles cuirentiy range in cost from $400 to over $1,500 and typically 

26 take two weeks to obtain when ordered from commercial suppliers. In addition, 

27 mtegrated circuit layouts are often revised, requiring die generation of new sets of 

28 masks and/or reticles witii each revision. As a result, wafer fabrication faciUties are 

29 often burdened widi substantial mask and reticle inventory costs. Further, die delays 

30 associated widi die introduction of new masks and/or reticles delay die introduction of 

31 new products and product improvements, severely limiting potential profitability. 
32 

33 To perform die phoujlidiogr^hic processes of semiconductor fabrication, die 

34 masks and/or reticles are instaUed in exposure systrans and must be frequendy changed 
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to acconunodate the production requirements of a large combination of layers and 
products. Tliese frequent changes result in substantial setup time penalties, causing a 
reduction in productivity of the associated exposure systems, which normally range in 
cost from $300,000 to over $1,000,000 each. 

For several years the semiconductor industry has been searching for cost effective 
means of directiy translating, in real time, computer aided design (CAD) data into 
patterns on the wafers. Direct electron beam writing systems can technically perform 
this task. However, their costs are in the millions of dollars and their throughputs are 
limited to a few wafers per hour compared to 30 to 60 wafers per hour for ultra violet 
exposure systems. These constraints make direct electron beam writing a cost 
ineffective technology for wafa manufacturing. To date, the practical use of such 
direct electron beam writing systems has been limited to research projects aita to the 
conmiercial production of masks and reticles for use in conjunction with ultraviolet 
exposure systems. 

The conventional technology which is based upon the use of fixed masks and 
reticles in conjunction with ultra violet exposure systems has proven to be a cost 
effective technology in producing semiconductor products in large volume. However, it 
suffers from a number of disadvantages, most significantiy: 

(a) The inability to image directiy onto a wafer surface, patterning data provided 
by a computer system, thereby seriously impairing the evolution of custom 
integrated circuit technologies and wafer scale integration. Wafer scale 
integration, is a technology outlined in further detail under the section 
covering the objects and advantages of the present invention. 

(b) The requirement for maintaining and managing large inventories of masks and 
reticles to support a typical wafer fabrication facility. 

(c) The substantial expenditures associated with the continuing need to generate 
new masks and reticles to support product updates and improvements. 

(d) The additional two week typical delay in the introduction of new products 
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1 and product avements resulting ftom the time necessary for the 

2 generation of ne - masks and reticles. 



3 
4 
5 



(e) The productivity losses due to the semp times associated widi the frequent 
changes of masks and reticles which are typically required in the course of 
6 the normal operation of a wafer processing facility. 

7 



8 
9 



(f) The inabiUty to support pattern repair process technology. Such technology 
could provide the means for achieving substantial yield increases in the 
10 manufacture of semiconducuu: devices. 

11 

12 The use of liquid crystal technology for the purposes of producing programmable 

13 photoUthographic masking devices has been very limited. However U.S. Pat 
No.4.653,860. issued on March 31, 1987. describes the use of a programmable liquid 
crystal shutter inserted in the fight path of a direct wafer stepper to selectively 
iUuminate, under remote control, specific areas of a hard surface reticle. Unlike the 
current invention, tius device does not c^te directiy as a high resolution 
programmable patterning system. Rather, the patterns are defined by a conventional 
hard surface reticle which provides the desired image resolution and tixe iUumination is 
selectively controUed by a liquid crystal shutter inserted in die fight path. As stated in 
that patent its field of applicabifity is limited to tiiose appfications requiring minor 
programming changes whereby die major portion of the reticle remains unchanged for 

23 the various programming options required. 
24 
25 
26 
27 

28 The general object of die present invention is to provide electronicaUy 

29 programmable high resolution masking devices. 
30 

31 Such programmable masking devices will use liquid crystal technology to define 

32 an electronically programmable micro airay of pixels. The optical resolution of diese 

33 devices will be con5)atible witii the specific requirements of each appUcation. The 

34 i>ixeis can be individualiv nmar,mmed to be tiansparent or opaque to die Heht used in 



14 

15 

16 

17 

18 

19 

20 

21 

22 
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1 conjunction with each specific type of application of the present invention. Driving 

2 circuitry will control the rows and columns of such micro array, providing the 

3 capability of applying the appropriate control voltage to each pixel as means of defining 

4 the desired patterns. A bit map micro airay memory will store the pattern data which 

5 is conveyed to the pixels via the driving circuitry. Interface circuitry will be 

6 incorporated enabling computer systems to conmiunicate with the micro array memory 

7 in both the read and write modes. 
8 

9 Another general object of the present invention is to provide electronically 

10 progranmiable high resolution masking devices for use in conjunction with image 

11 transfer systems, as means for implementing direct imaging of conjurer generated 

12 patterning data onto photosensitive substrates or surfaces. 
13 

14 Still another object of the present invention is to provide programmable reticles 

15 and masks which can be integrated into the ultraviolet exposure systems used in 

16 semiconductor manufacturing, for the purposes- of implementing, in real time, direct 

17 imaging of pattern genoation data onto the surface of semiconductor watersr 

18 



19 Further objects and advantages of such programmable reticles and masks are: 
20 

4 

21 (a) To provide a means of converting pattern gra^eration data, directiy into liquid 

22 crystal micro array patterns which will appear in the optical plane normally 

23 occupied by conventional masks or reticles, when such masks or reticles are 

24 mounted in ultraviolet exposure sjrstems in the proper position for the 

25 e7q)Osure of wafers. 
26 

27 (b) To provide means for downloading pattern generation data directiy fix)m a 

28 computer system into such programmable masks and reticles. 
29 

30 (c) To provide means for the efficient fabrication of fully customized integrated 

31 circuits witii relative costs and fabrication times comparable to those of 

32 commercial integrated circuits. This object can be achieved by the use of the 

33 present invention to translate computer aided design (CAD) data into patterns 

34 printable directiy onto a wafer surface. 
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1 

2 (d) To elim i n a te the intermediate process step through which fixed masks and 

3 redcles are typically generated. 
4 

5 (e) To eliminate the inventory costs of maslcs and reticles typically associated 

6 with the conventional masks and reticles presendy used in semiconductor 

7 manufacturing. 
8 

9 (f) To improve the productivity of expensive ultraviolet exposure systems by 

10 elim i n a ting the setup times typically associated with conventional masks and 

11 reticles. 
12 

13 (g) To provide means fOT repairing defects which may have been detected, during 

14 the various inspections p^ormed on the patterns produced on the wafer 

15 surface. Such inspections, are typically performed after photoresist image 

16 definition (in-process inspection) and after the completion of all the steps 

17 which constitute a complete photolithographic process sequence (final 

18 infection). Such pattern repair may be accomplished with the use of the 

19 present invention by defining, in real time, an appropriate repair pattern based 

20 upon defect data collected during inspection. Such repair pattern would then 

21 be used in conjunction with an appropriate pattern rq)air process for the 

22 purpose of repairing defective patterns identified during inspection. 
23 

24 (h) To provide wafer stepper exposure systems with the capability of changing 

25 critical dimensions and patterns fium field to field to facilitate circuit 

26 performance optimization, yield enhancement and process improvement 
27 

28 (i) To substantially reduce the cycle time required for the development and 

29 introduction of new integrated circuits. 
30 

31 0) To provide wafer stepper exposure systems with the capability of printing 

32 different products on the same wafer by changing the reticle pattern under 

33 computer control while the exposure system steps from field to field, 
34 
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1 (k) To provide a cost effective approach for the implementation of wafer scale 

2 integration. Wafer scale integration refiers to the creation of a complete 

3 electronic system on a silicon wafer, involving the three fundamental 

4 technologies outlined below: 
5 

6 1. The technology to produce on the same wafer all the different types of 

7 integrated circuits required for a complete electronic system. This 

8 technology can be implemented by the use of the present invention as 

9 outlined above. 
10 

11 2. The technology to identify through test procedures all the functional 

12 integrated circuits of each type on the same wafw. This technology is 

13 currentiy available in the industry. 
14 

15 3. The technology to generate, in real time, an appropriate interconnect 

16 pattern to produce a complete electronic system out of functional 

17 integrated circuits available on the same wafer. This technology can be 

18 implemented by the capability of the present invention to translate, in real 

19 time, computer aided design (CAD) data into interconnect patterns 

20 printable direcdy onto the wafer surface. 
21 

22 Additional objects of the present invention are to provide electronically 

23 programmable high resolution masking devices for use in visual display projection 

24 systems, real time holography, printing systems and other applications requiring the high 

25 resolution and prograrrmiability of the present invention. 
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DESCRIPTION OF THE DRAWINGS 

In the drawings, which form an integral part of the specification of the present 
invention and which are to be read in conjunction therewith, and in which lite 
reference numerals are employed to designate similar conq)onents in various views: 

Fig. 1 is a simplified plan view ckpicting the principal components of a 
preferred embodiment of the present invention; 

Fig. 2 is a representational partial cross section taten along the line 2-2 in 
Fig. 1 depicting a portion of an active liquid crystal micro array and the 
peripheral circuitry associated with it; 

Fig. 3 is a pictorial representation of the conductive coatings which serve as 
pixel electrodes for the active liquid crystal micro array shown in Fig. 1; 

Fig. 4 is a representational partial top plan view illustrating the configuration 
of the active liquid crystal micro array shown in Fig. 1; 

Fig. 5 is a representational partial cross section taten along the line 5-5 in 
Fig. 4 illustrating the configuration of one of the transistor switches used in the 
active liquid crystal micro array; 

Fig. 6 is a pictorial representation of the micro array interconnection system 
comprising control lines, data lines, transistor switches and pixel electrodes in 
accordance with the present invention; 

Fig. 7 is a representational partial plan view depicting the common electrode, 
pixel electrodes, gate control lines and data lines of the preferred embodiment; 

Fig. 8 depicts two alternative configurations for the common electrode of Fig. 
7 comprising (1) the addition of orthogonal metal traces to lower the sheet 
resistance of this electrode and 2^ the addition of red (R), green (G) and blue 
(B) color filters for digital color -.aging; 
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1 

2 Fig. 9 is a representational partial cross section taken along the line 9-9 in 

3 Fig. 8, to further illustrate the orthogonal metal traces; 
4 

5 Fig. 10 is a representational partial u^p plan view sin:iilar to that shown in 

6 Fig. 4 with the exception of the transistor switches which are configured with 

7 redundant temunals, depicting an ait^ate embodiment of the present invention; 
8 

9 Fig. 11 is a representational partial cross section taken along the line 11-11 in 

10 Fig. 10 showing a redundant field effect transistor switch with one source, two 

11 gates and two drains; 
12 

13 Fig. 12 is a representational partial top plan view illustrating a ten^orary 

14 interconnection system used for testing the integriQr of the transisU)r switches 

15 associated with each of the pixels in the micro array; " 
16 

17 Fig. 13A is a representational partial cross section illustrating a defect on the 

18 first layer metal of a redundant double layer metal interconnecting system; 
19 

20 Fig. 13B is a representational partial cross section illustrating a defect on the 

21 second layer metal of a redundant double layer metal interconnecting system; 
22 

23 Fig. 14A is a representational partial top plan view illustrating the principle 

24 for the dual layer interconnecting system according to one of the proposed 

25 embodiments of the present invention; 
26 

27 Fig. 14B is a representational partial top plan view illustrating a prefeired 

28 configuration of the peripheral interconnect system conq>rising three layers of 

29 metalization; 
30 

31 Fig. 15 is a representational partial top plan view illustrating a contactiess 

32 connector system used in accordance with the present invention and comprising 

33 infrared transmitters and receivers; 
34 
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1 Fig. 16 is a representational partial carass section taken along the line 16-16 in 

2 Fig. 15 showing the configuration of the contacdess connector system iUustrated 

3 in Fig. 15; 



4 
5 
6 



Fig. 17 is a sin5)lified schematic diagram illustrating one of the preferred 
circuits used to control the voltage appUed to each pixel as means of modulating 
7 its transparency; 

8 

Fig. 18 is a pictorial representation of a photolithographic exposure apparams 
iUustrating the use of the piogrammable masking device of the present invention 
to generate images on a photosensitive target surface fiom data provided by a 
12 computer system; ^ 



9 
10 
11 



13 
14 
15 
16 
17 
18 



19 system; 
20 



21 
22 
23 
24 



Fig. 19 is a pictorial representation illustrating the use of the programmable 
masking device of the present invention in a visual display projection system; 

Fig. 20 is a pictorial representation illustrating the use of the programmable 
masking device of the present invention in a three dimensional projection viewing 



Fig. 21 is a pictorial representation illustrating the use of tiie programmable 
masking device of the present invention in a holographic imaging apparams; 



Fig. 22 is a pictorial representation illustrating the use of tiie programmable 
25 masking device of the present invention in a printing appaiatos. 
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1 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
2 

3 Various embodiments of the present invention are described in this section, 

4 starting with the embodiment with the simplest configuration wliich, for convenience, 

5 will be designated as the first embodimenL The description of this first embodiment is 

6 followed by an analysis of the tecimological problems associated with the 

7 inq)lementation of the present invention. This analysis serves as the background for the 

8 inqsrovements and features comprised in other embodiments described in this section 

9 which, for convenience, will be designated as second, third and fourth embodiments. 

10 Next, the issue of connectivity to an external computer system is addressed. This issue 

11 is followed by the description of a fifth embodiment which provides the capability of 

12 modulating the transparency of each pixel in the micro array. Then, theie are some 

13 considerations related to special applications of the present invention to sraoiconductor 

14 manufacturing and finally two procedures are described, designated as test procedure 

15 and alternate intmonnection procedure. These procedures overcome yield limitations in 

16 the manufacture of the embodiments described, thus providing cost effective means for 

17 commercially producing such embodiments. 
18 

19 Fig. 1 is a simplified plan view depicting the n^ost relevant elements comprised in 

20 the preferred embodiments of the present invention. These elements are not necessarily 

21 included in each of these embodiments but are incorporated in this figure for reference 

22 in the descriptions which follow. This figure shows the active liquid crystal micro 

23 array 101 which is fiilly described in the first embodiment and represents the ksy 

24 element of the present invention. Within the nucro array this figure shows die gate 

25 control lines 114 which must be sequentially enabled to provide a control voltage, via 

26 the data lines 115, to each pixel in the micro array. The area surrounding the nucro 

27 array provides space for the peripheral interconnect system 138 which is described in 

28 the fourth embodiment This peripheral interconnect system comprises the integrated 

29 circuits in die form 143, other interconnections shown in furtha detail in Fig. 14A and 

30 the conductive trace extensions 139 wiiich are the extensions of the gate control lines 

31 and the data lines. Also depicted are the locations of the integrated circuit connecting 

32 pads 144, a ribbon cable connection 149 and an alternate contactiess electronic 

33 connector described in detail in Fig. 15. 
34 
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1 The first embodiment 

2 

3 The first embodiment of the present invention will be desciibed with additional 

4 reference to figures 2 through 9. 
5 



6 
7 
8 
9 



Fig. 2 is a representational partial cross section taken along line 2-2 in Fig 1 
depicting a portion of an active liquid crystal micro airay and the peripheral dicuitry 
associated witii it Tbc structural elements of the peripheral intercomiect system pertain 
to tiie fourth embodiment of the present invention and their description is covered in 
10 detail in that section. 



11 
12 
13 
14 
15 



This first embodiment of die present invention comprises a glass primary substrate 
102 and a glass secondary substrate 103. both bonded to a dun perimeter spacer 109 
which holds the substrates in close proximity and parallel to each odier. The volume 
dehmited by tiiese two paraUel substrates and the perimeter spacer fomis a sealed 
16 chamber containing a liquid crystal material 108. 
17 

Each of die substrates is coated, on the inner side of die chamber, with a diii: 
conductive transparent fihn such as aluminum or indium tin oxide. These conductive 
fihns are used to define die electrodes necessary far die operation of die Uquid crystal 
On die primary substrate 102 die coating is patterned to form a micro array of discrete 
pixel electrodes 104 organized in rows and columns. On die secondary substrate 103 
die coating is continuous and fomis die common electrode 105. This electrode 
encompasses an area equivalent to die entire micro array area defined on the primary 
substrate 102. Hie space between adjacent pixel electrodes is called die pixel gap 106 
The areas defined by die pixel gaps 106 are used to locate die transistor switches 107 
by means of which die desired control voltages are appHed to each of the pixel 
28 electrodes 104. 
29 

The primary substrate 102 and die secondary substrate 103 are both coated on die 
outer side of die chamber widi a polarizing film shown in Fig. 2 as the primary 
substrate polarizer 202 and die secondary substrate polarizer 203. These polarizing 
fihns are oriented such tiiat die polarization angle between diem is 90 degrees, diereby 
insuring diat no Ught can be transmitted tiuraugh bodi polarizing fihns when die 



18 

19 

20 

21 

22 

23 

24 

25 

26 

27 



30 
31 
32 
33 
34 
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1 polarization angle is not rotated by the liquid crystal material 108. 

2 Fig. 3 is a perspective representation of the conductive coatings which serve as 

3 pixel electrodes for the active liquid crystal micro array of Figs. 1 and 2. It shows the 

4 pixel electrodes 104, the common electrode 105 and the pixel gaps 106. The area 

5 encompassed by the pixel gaps of the entire micro array forms a set of rows and 

6 columns with a width equal to the pixel gap 106. This area is used to locate the active 

7 electrical components and the interconnection system required for the operation of the 

8 liquid crystal micro array- The interconnection system incorporates a set of conductive 

9 traces which are extended towards the periphery of the micro array and are shown in 

10 several of the figures herein as the conductive trace extensions 139 (see Fig. 1). These 

11 traces provide the electrical connections between the pixel electrodes 104 and the 

12 control circuitry. 

14 The above configuration is sinular to that found in some active matrix liquid 

15 crystal displays. However, it dififes with regards to the pixel size, the pixel gap and 

16 other features applicable to the various embodiments of the present invention. 
17 

18 Fig. 4 is a representational partial top plan view illustrating the configuration of 

19 the active liquid crystal micro array shown in Fig. 1. In the preferred embodiments of 

20 the present invention, the active electrical components are MOS thin film transistors 

21 made of polycrystalline silicon, commonly known as poly silicon. However, other 

22 semiconductor materials and device structures could be used in different embodiments. 
23 

24 As shown in this figure, the polysilicon is patterned in rectangular islands 110 

25 laying along the colunans of pixel gaps 106. As an alternative, the polysilicon could be 

26 patterned in long strips covering the entire length of the columns of pixel gaps 106. 

27 The MOS transistors are configured with the control gate area 111 of each transistor in 

28 line with a row of pixel gaps 106. This configuration offers a simple layout where the 

29 gate control lines 114 are straight metal traces patterned over the rows of pixel gaps 

30 106, thus creating a conmion gate electrode for all the MOS transistors in a row . The 

31 other two electrodes of the MOS transistor, known as the source and the drain, are 

32 patterned as a source contact 112 and a drain contact 113 to the polysilicon material 

33 These electrodes are located on opposite ends of the rectangular polysilicon island 110. 

34 The source contact is connected to the pixel tab 116 of an adjacent pixel electrode 104 
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1 and the drain contact is cor ^ to a metal trace forming a data line 115 patterned 

2 over the column of pixel gaps which the transistor is located. 



3 
4 
5 



Fig. 5 is a representationai partial cross section talcen along the Une 5-5 in Fig. 4 
iUustrating the configuration of one of the transistor switches used in the active liquid 

6 crystal micro array. The cross section shows tiie structure of tiie MOS transistor with 

7 the source 118 and tiie drain U7 formed in die polysiUcon island 110. The pixel tab 
116 is patterned over die source contact 112 and die data line 115 is connected to die 
drain contact 113. The gate structure is formed by die oxide 119. which is tiiermaUy 
grown over die polysiUcon island 110. The cross section also shows diat the data line 
115 which runs over die poiysilicon islands along die columns of pixel gaps is 

12 electrically isolated finom die underlying structures by die dielectric 120. 



8 
9 
10 
11 



13 
14 
15 



Fig. 6 is a pictorial representation of die active matrix interconnection system 
conrprising die control lines 114, die data lines 115, die transistor switches 121 and die 
16 pixel electrodes 104. It funher iUustcates, in schematic form, die configuration of die 
interconnection system dirough which control voltages are applied to die pixel 
electrodes. As shown, die pixel tab U6 of each pixel electtode 104 is connected to a 
19 data Ime 115 via a sunulated transistor switch 121. The trace on a specific row is 
connected to die control gates of all die transistor switches 121 on diat row and 
becomes a gate concol hne 114. The trace on a specific column is connected to die 

22 odier electrode of all die transistor switches 121 on diat column and becomes a data 

23 line 115. Also shown are the pixel gaps 106. 



17 
18 
19 
20 
21 



24 



25 Fig. 7 is a representational partial plan view depicting die common electrode 105, 

26 die pixel electrodes 104, die gate control hues 114 and die data lines 115 which are' 

27 shown widi an interdigitated layout. As shown in tins figure, die configuration 

28 described above offers a simple layout where die gate control fines 114 and die data 

29 lines 115 are straight metal traces patterned over die rows and columns of pixel gaps. 

30 Bodi of diese sets of traces are extended beyond die edge of die micro array of pixels 

31 to an area where it is practical and feasible to create electrical connections to die drive 

32 drouitry which conttols die electronic state of each pixel. In tins figure, die data lines 

33 115 are depicted widi mterdigitated extensions, whereas die gate control fines 114 are 

34 depicted widi non interdigitaffid extensions. The common electrode 105, deposited on 
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1 the secondary substrate and shown on a higher plane, in this figure, is connected to a 

2 perimeter trace 122 which is patterned around the perimeter of the common electrode 

3 105, In turn, this perimeter trace is connected to the electrical ground of the primary 

4 substrate interconnection system. Also shown in this figure, in a lower plane, are the 

5 pixel electrodes 104. 
6 

7 Fig« 8 depicts two alternative configurations for the common electrode 105 

8 comprising (1) the addition of orthogonal n:ietal traces to lower the sheet resistance of 

9 this electrode and (2) the addition of red (R), green (G) and blue (B) color filt»s for 

10 digital color imaging. This figure shows the common electrode 105 and the perimeter 

11 trace 122 described above. 
12 

13 The first alternative configuration comprises a set of orthogonal metal traces 123 

14 deposited over those areas which mateh the rows and columns of pixel gaps on the 

15 primary substrate. These orthogonal metal traces divide the common electrode 105 into 

16 pixel areas 124 which mateh the pixel electrodes on the primary substrate. As a result, 

17 the effective sheet resistance of the common electrode 105 will be substantially reduced 

18 causing the micro array to respond faster to the control signals which detemiine the 

19 state of each pixel. 
20 

21 This first alternative configuration can be further modified to provide a precise 

22 edge definition of each pixel. As described above, the complex structures built on the 

23 surface of the primary substrate may cause a minimum amount of pixel edge 

24 irregularities. Such irregularities will not be resolved by the image transfer optics of 

25 the e?q)osure system and, therefore, will not impair the satisfactory operation of this 

26 device. However, for special applications, it may be desirable to provide a precise 

27 edge definition of each pixel. This may be achieved by making the width of these 

28 orthogonal metal traces slightiy larger than the pixel gap and by using a metal such as 

29 chrome, which offers excellent edge definition, to generate the orthogonal metal traces. 
30 

31 The second alternative configuration comprises further the deposition of red (R), 

32 green (G) and blue (B) color filters over the pixel areas 124, as shown in Fig. 8, for 

33 applications of the present invention requiring color imaging. 
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1 Fig, 9 is a xepiesentational partial cross section taten along the line 9-9 in Fig. 8 

2 to further iUustrate the orthogonal metal traces 123. As shown, the conductive fflm 

3 which farms the common electrode 105 is d^sited ovct the secondary substrate 103 

4 and the orthogonal metal traces 123 are then deposited on the lower surface of the 

5 common electrode 105. The space between die metal oaces 123 comprises the pixel 

6 areas 124 described above. Smce ±e sheet resistivity of these metal traces is orders of 

7 magnitade lower than that of die conductive film which forms die common electrode 

8 IDS, the effective sheet resistance of the common electrode 105 is substantiaUy reduced 

9 by the addition of these orthogonal metal traces 123. 



10 



11 Analysis of the technological problems associated with the implementation of the 

12 present invention. 



13 

14 In order to produce an image of acceptable quaUty on die target surface, any 

15 embodiment of the present invention must satisfy two fundamental conditions: 
16 

17 (1) The pixel size in die micro array must be such diat die resulting size of die 

P«el image on the target surface is compatible widi die applicable pattern 
generation design rules. More specifically, die size of die pixel image on die 

^ target surface must be such diat die minimum feature size dictated by die 

^1 applicable pattern generation design rules will be equal to or will be a 

22 multiple of the size of the pixel image on the target surface. 
23 

24 (2) The widdi of die pixel gap in die micro array must be less dian die minimum 

25 size which can be resolved by die image transfer optics of die 

26 photolithogt^hic exposure system. This condition wiU insure diat die 

27 patterns imaged on die target surface are fiee of gaps between adjacent pixels. 
28 

29 Compliance widi diese two conditions is a fundamental requirement for die proper 

30 operation of die present invention. Therefore, die pixel size and the widdi of die pixel 

31 gap, in any embodiment of the present invention, must be tailored to comply with die 

32 requirements dictated by die exposure system to be used and die mimmum feature size 

33 to be produced. 



34 



wo 91/10170 PCr/US90/0733I 



4« ^ 



-17- 

1 Pixels in the micro array may have a variety of different shapes such as circular, 

2 triangular, rectangular, etc. and may be organized in a variety of different configurations 

3 such as a rectangular array, a polar array or other suitable configuration. However, 

4 most practical implementations of the present invention will use a rectangular airay of 

5 square pixels compatible with the elemental cell of typical computer aided design 

6 (CAD) systems. 
7 

8 The second, third and fourth embodiments of the present invention pertain to 

9 applications requiring very high density micro arrays, where the number of pixels in the 

10 micro array may range from 100 million to over one billion. Such types of 

1 1 applications will be found in the semiconductor industry as shown in the examples 

12 which illustrate the uses of the various embodiments described. When the nimiber of 

13 pixels reaches the above values, the defect limited yields and the connectivity must be 

14 properly analyzed in order to establish the requirements for the practical and economical 

15 producibility of such embodiments. The example which follows will clearly illustrate 

16 these problems and will explain the solutions offered by the second, thiid and fourth 

17 embodiments of tiie present invention to address such problems. 
18 

19 Consider a nucro array with the following characteristics: 

20 

21 * Array configuration: 15,000 by 15,000 pixels 

22 * Pixel size: 4 microns by 4 microns 

23 * Pixel gap: 1 micron 

24 * Interconnect trace width: 1 micron 

25 * Effective gate area: 1 micron square 
26 

27 Such micro array would comprise a total of 225 million pixels and encompass an 

28 area approximately 7.5 by 7.5 centimeters square. The total equivalent area occupied 

29 by all the gates in the micro airay would correspond to approximately 2.25 square 

30 centimeters and the total equivalent area occupied by all the interconnect traces within 

31 the system, including the conductive trace extensions, would correspond to 

32 approxin:iately 22.5 square centimeters. 
33 

34 With current technology, defect densities of 0.5 defects per square centimeter can 
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1 
2 
3 
4 
5 



be acMeved. On the basis of this defect density, the first embodiment of the present 
invention would have a high probability of exhibiting at least one defect in the control 
gate of one of the transistor switches, and at least eleven defects in the interconnect 
system metal traces. Since these programmable masking devices must be defect ftee, 
the first embodiment, described above, are not recominended for applications requiring 
6 very high draisity micro arrays. 
7 

Connectivity also presents a technological difficulty. In the example above, the 
micro array would have two ordiogonal sets of metal traces. Each set would comprise 
15,000 traces, one micron wide, with four micron spaces between two adjacent traces. 
The connection of these nraces to the drive circuitry via any type of cabling system 
would be clearly impractical if not impossible to implement, making the first 
embodiment of the present invention, described above, undoable for this type of 
14 application. 
15 

16 The basic problems, presented above, ars successfully addressed by die second, 

17- tiiird and fourth embodiments of the present invention described below. 

18 

19 The second embodiment 



8 

9 
10 
11 
12 
13 



20 
21 
22 



The second embodiment of the present invention is described witii reference to 
figures 10. 11 and 12. This embodiment is configured witii double transistor switches 
23 to address the gate area integrity problem discussed above. 
24 



25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



Fig. 10 is a representational partial top plan view similar to tiiat shown in Fig. 4 
widi die exception of die transistor switches which are configured widi redundant glte 
and drain terminals. Like Fig. 4. tiiis figure shows die pixel electrodes 104 comiected 
to the source contact 112 of the transistor switch, via the pixel tab 116. However, the 
transistor switches in tins second embodimem are configured witii two control gates' and 
two drain contacts shown in this figure as die primary control gate 125, die primary 
drain contact 126, die secondary control gate 127 and the secondary drain contact 128. 
As e;q>lained in further detail below, diese secondary electrodes are used to replace die 
primary electrodes when die presence of a defect in die primary control gate causes die 
transistor switch to malfunctioa When required, due to a defective nrimarv control 



•p. 
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1 gate 125, the secondary control gate 127 is connected to the gate control line 114 by a 

2 metaiization patch shown as the secondary control gate connection 129. The procedure 

3 for applying this metalizadon patch is described in detail under the special test and 

4 repair procedure at the end of this secuon. Also shown in this figure axe the data lines 

5 115, the pixel gaps 106 and the polysilicon islands 210, all of which have been 

6 explained with reference to Fig. 4. 
7 

8 Fig. 11 is a representational partial cross section taken along the line 11-11 in 

9 Fig. 10 showing a redundant field effect transistor switch with one source, two gates 

10 and two drains. The cross section shows the structure of the redundant MOS transistor 

11 with the source 118, the primary drain 130 and the secondary drain 131 formed in the 

12 polysilicon island 210. Like in Fig. 4, the pixel tab 116 is patterned over the source 

13 contact 112. However the data line 115 is shown connected to the secondary drain 

14 contact 128 rather than the primary drain contact 126. This figure is intended to 

15 illustrate the secondary control gate connection 129 connecting the secondary control 

16 gate 127 to the gate control line 114. When the primary control gate 125 is found to 

17 be defective, this alternate connection is made in its place. The cross section also 

18 shows the thermal oxide 119 and the dielectric 120 which have previously described 

19 with reference to Fig. 4. 
20 

21 Fig. 12 is a representational partial top plan view illustrating a temporary 

22 interconnection system used for testing the integrity of the transistor switches associated 

23 with each of the pixels in tiie micro array. Each polysilicon island 210 has one source 

24 contact 112, a primary control gate 125, a primary drain contact 126, a secondary 

25 control gate 127 and a secondary drain contact 128. The tomporary intnconnection 

26 system comprises a set of temporary source test lines 132 and a set of temporary drain 

27 test lines 133. Each temporary source test line 132 is connected to the source contact 

28 112 of each of the transistor switches adjacent to that line and each temporary drain 

29 test line 133 is connected to the primary drain contact 126 of each of the transistor 

30 switches adjacent to that line. Like for normal operation, each gate control line 114 is 

31 connected to the primary control gate 125 of each transistor in the row associated with 

32 that gate control line. With this temporary interconnection system every transistor 

33 switch in the micro array can be individually tested for functional integrity. The 

34 secondary control gates 127 and the secondary drain contacts 128 are not connected 
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1 during this test procedure. AU gate control lines 114, temporaiy source test lines 132 

2 and temporaiy drain test lines 133 are tenmnated on probing pads providing electrical 

3 access to these interconnections. 



4 
5 
6 



If a primary control gate is found to be defecdve, as determined by test 
procedures such as those outlined at the end of this section, alternate connections are 

7 made in place of their primary counterparts. The secondary control gate 127 is 

8 connected to the gate control line U4 via the alternate gate connection 227 and the 

9 secondary drain contact 128 is connected to the temporary drain test line 133 via the 

10 alternate drain connection 228. Fig. 12 also depicts the defective gate area 225 and the 

11 primary drain link 226 explained with reference to an alternate interconnection 

procedure used lo modify these metal interconnections which is outlined at the end of 

13 tins section . This procedure is an integral part of die technology required for tiie 

14- production of the various embodiments of die present invention. 

15 

16 The third embodiment 



12 



17 
18 
19 
20 
21 



The third embodiment of the present invention is described witii reference to 
figures 13A and 13B. This embodiment is identical to eitiier of the previously 
described embodiments except tiiat it is configured witfi two layers of metal traces 
directiy appUed over each otiier as a means of circumventing die metal trace 
22 discontinuities generated by photolithographic defects. 
23 

Fig. 13A is a representational partial cross section iUustrating a defect on die first 
layer metal of a redundant double layer metal interconnecting system. It depicts die 
second layer metal 135 directiy superin^osed over die first layer metal 134 and a 
27 typical defect on the first lay^ metal 136. 
28 

Fig. 13B is a representational partial cross section iUustiating a defect on die 
second layer metal of a redundant double layer metal interconnecting system. It also 

31 depicts die second layer metal 135 directiy superimposed over die first layer metal 134 

32 and a typical defect on the second layer tnetal 135. 



24 
25 
26 



29 
30 



33 
34 



These two layers of metal are independentiy patterned in order to statistically 
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1 insiire that defects on one layer do not coincide with defects on the other layer. 

2 Electrical continuity of the control lines and the data lines is therefore assured and the 

3 integrity of the interconnection system is properly safeguarded, 
4 

5 An alternative to this dual layer metal interconnect system is a single layer metal 

6 interconnect system used in conjunction with the pattern repair technology outlined 

7 under the section describing the objects and advantages of the present invention. This 

8 technology can be used to repair the typical defects which would normally occur during 

9 patterning of the metal interconnection system. Missing metal may be repaired by 

10 selectively depositing a bridging metal trace over each metal discontinuity. Excess 

11 metal may be removed by selectively removing the excess metal. 
12 

13 The fourth embodiment 
14 

15 The fourth embodiment of the present invention is described with reference to 

16 figures 2» 14A and 14B. This embodiment is configured with a double layer 

17 metalization system on the periphery of the micro array. This peripheral metalization 

18 system provides the space and the interconnections necessary to incorporate the drive 

19 and interface circuitry on the surface of the primary substrate. At the same time, the 

20 contror lines and the data lines are extended beyond the periphery of the micro array to 

21 the outer edge of the peripheral metalization system and become an integral part of this 

22 system. The configuration of this fourth embodiment, incorporating the drive and 

23 interface circuitry as integral parts of the programmable masking device, circinnvents 

24 the connectivity problems presented above by eliminating the need for any type of 

25 cabling connections between the micro array and the drive circuitry. 
26 

27 As previously indicated. Fig. 2 is a representational partial cross section taken 

28 along line 2-2 in Fig. 1 depicting a portion of the active liquid crystal micro array and 

29 the peripheral circuitry associated with it. The structural elements of the active liquid 

30 crystal micro array have already been described with reference to the first embodiment 

31 of the present invention and need not be repeated. The structural elements of the 

32 peripheral interconnect system are associated with the fourth embodiment of the present 

33 invention and are described in this section. The right side of Fig. 2 shows the 

34 conductive trace extensions 139 deposited over the primary substrate 102. The second 
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10 



1 metaiization traces 142, are isolated from the conductive trace extensions 139, by a 

2 dielectric isolation layer 141. The intennetaffization connection 140 estabUshes the 

3 electrical connection between the conductive trace extensions 139 and the second 

4 metaiization 142. Also shown arc the integrated dicuits in die fonn 143 connected to 

5 the second metaiization 142. 
6 

7 Fig. 14A is a representational partial top plan view illustrating die layout principle 

8 for tiie dual layer interconnecting system used in this fourth embodiment of the present 

9 invention. It depicts the conductive trace extensions 139, die second metaiization traces 
142, the intermetallization connections 140 and die circuit connecting pads 144. The 

11 first set of pads labeled A 145 is connected, via the second metaiization traces 142 and 

12 die intennetalization connection 140, to die first group of traces 146 of die conductive 

13 trace extensions 139. Ite second set of pads labeled B 147 is connected, via die 

14 second metaiization traces 142 and the intermetalization connection 140. to die second 

15 group of traces 148 of die conductive trace extensions 139. This configuration is 

16 continued widi additional groups of traces connected to additional sets of pads located 

17 in die area extending towards die peripheiy of die primary substrate. Hiis layout 

18 overcomes potential spadal constraints and provides die necessary space for aU of die 

19 conductive trace extensions 139 to be connected to die appropriate circuit connecting 

20 pads 144. These circuit connecting pads 144 are used to accept die connection to die 

21 integrated circuits in die fonn as shown in Fig. 2. Such pads may also be used as 

22 probing pads to test die integrity of die transistor switches in die micro array in 

23 accordance with the special test procedures outlined below. 
24 

25 Fig. 14B shows a variation of diis embodiment configured widi a tiuee layer 

26 metaiization system, where die first layer is foraied by die conductive trace extensions 

27 139, die second layer is formed by die second metaiization traces 142 and die durd 

28 layer comprises die circuit connecting pads 144. Widi dus configuration, die metal 

29 traces on die second layer He on a plane which is separated by a layer of dielectric 

30 from die plane containing die circuit connecting pads. Hie addition of die diird 

31 metaiization layer, as shown in Fig. 14B, removes die constraint diat die traces of die 

32 second metaiization must be placed around die area covered by die circuit connecting 

33 pads. Such traces can now be routed in die areas beneadi die circuit connecting pads, 

34 dius providing in^ved utilization of die space available for interconnections and 
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1 increasing the packing density of the interconnect system. This configuration further 

2 allows the circuit connecting pads to be extended to encompass a circuit connection 

3 area 244 and a probing area 344 as illustrated in Fig. 14B. This three layer 

4 metalizaaon will be specifically recommended for programmable masking devices with 

5 more than 256 million pixels which will require a higher packing density for the drive 

6 and interface circuitry. 
7 

8 Connectivity to an external computer system 
9 

10 The operation of the active matrix micro array, which is die object of the present 

11 invention, relies upon the capability of establishing the required electrical connections 

12 between the conductive trace extensions and the drive circuitry and further between the 

13 drive circuitry and an external computer system. When the number of conductive trace 

14 extensions does not exceed 1000» direct ribbon cable connections, similar to those used 

15 in liquid crystal displays can be successfully implemented in manufacturing. However, 

16 when the number of conductive trace extensions substantially exceeds 1000, such 

17 connections would be very difficult if not inq}Ossible to successfully implement 
18 

19 For those applications of the present invention reqiuring that many conductive 

20 trace extensions, the fourth embodiment of the present invention, described above, 

21 provides a viable solution since it eliminates the requirement for such connections. 
22 

23 Still to be addressed, is the problem of connectivity between the drive circuitry 

24 and an external computer system to be used in conjunction with the present invention. 

25 This problem is less severe than the coimectivity between the conductive trace 

26 extensions and the drive circuitry since, in this case, the total number of interconnecting 

27 lines would not exceed 2S6 under the worse possible circumstances. A connection with 
t 28 this limited number of lines can easily be implemented, as shown in Fig. 1, with the 

29 ribbon cable connection 149. As an alternative, a contactless data conmiunications 

30 coimector system physically attached to the primary substrate can be used, as shown in 

31 Fig* 1, and described in detail with reference to figures 15 and 16. 
32 

33 Fig. 15 is a representational partial top plan view illustrating a contactiess 

34 connector system comprising a set of coUimated infrared transmitters and receivers. 
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Inteiconnect traces 153 patterned .>ver the primary substrate 102, establish the electrical 
connection between the interface circuitry and dual sets of in&aied transmitters 150 and 
in&aied receivers 151. On the connector body 152 which is physically separated ftom 
the primary substrate 102, there are matching sets of infiared transmitters 150 and 
inftared receivers 151 togethra- with their respective interconnect traces 153. 

Fig. 16 is a representational partial cross section taken along the line 16-16 in 
Fig. IS showing the configuration of the contactiess connector system illustrated in Fig. 
15. It shows die primary substrate 102 physicaUy separated ficom die connector body 
152, and shows their respective infrared transmitters 150 and infrared receivers 151. 

When tiie programmable masking device is installed in an exposure system, the 
infrared transmitters and receivers will be aligned witii a matching set of receivers and 
transmitters mounted in tiie exposure system. Widi tiiis configuration, tiieie is no 
physical contact between die two sets of transmitters and receivers and, as a result, die 
programmable masking device is provided widi a stress free data communications 
infrared link. This feature will be significant in applications, such as semiconductor 
microlidiography, where die alignment of die programmable masking device must be 
held within a fiction of a micron. 

The fifth embodiment 

The fifth embodiment of the present invention is described widi reference to 
figure 17. This embodiment is subsiantiaiiy the same as the fourth embodiment 
described above widi die addition of special circuiny to individually control die voltage 
level applied to each of die pixels in die micro array as means of modulating die 
relative transparency of each pixel. 

Fig. 17 is a sinqilified schematic diagram illustrating one of die preferred circuits 
used to control die voltage applied to each pixel as means of modulating its 
oransparency. It shows a group of N data lines 115 connected to die ouq>ttts of a 1 to 
N analog switch 158. The input of the analog switch 158 is connected to die output of 
a digital-to-analog (DAC) converter 157 which generates the desired analog voltage to 
be applied to a specific r il from digital data stored temporarily in an N word 
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1 memory 156. The DATA IN ports of this memory 156 are connected to a data bus 

2 154 providing a data communications link to the computer system which controls the 

3 programmable micro array. An address bus 155 carries the required address 

4 information to the SELECT ports of both the N word memory 156 and the analog 

5 switch 158. The circuit of Fig. 17 is repeated for each group of N data lines as many 

6 times as necessary to cover all the data lines in the niicro array. The same data bus 

7 154 and address bus 155 provide the required data and address information to all of 

8 these circuits in accordance with the configuration shown in Fig. 17, 
9 

10 Considerations related to special applications of the present invention. 

11 

12 One of the most significant applications of the present invention will be as a 

13 programmable masking device for the ultraviolet exposure systems used in 

14 semiconductor microlithography. For this specific type of application, any embodiment 

15 of the present invention must further comply with the following constraint: 
16 

17 The liquid crystal material, the two substrates and the conductive coatings must 

18 offer a combined level of transparency to ultraviolet light compatible with the 

19 requirements of the specific exposure system to be used in the photolithographic 

20 processes. 
21 

22 For the longer wave lengths, in the 340 to 470 nanometer range, such substrates 

23 can be made of high quality glass of the type used for semiconductor photolithography 

24 masks. For the shorter wave lengths, in the 240 to 350 nanometer range, such 

25 substrates need to be made of quartz because glass exhibits excessive ultraviolet light 

26 absorption in this region of the spectrum. 

27 . 

28 The referenced conductive coatings on the substrates must be sufficientiy thin in 

29 order to comply with the transparency requirements outlined above. The m i nim u m 

30 conductive coating film thickness allowable in such coatings is determined by the 

31 mflYimiim allowable sheet resistance of the film which in turn is dependent on the pixel 

32 surface area. The mathematical relationship between these parameters is such that, for 

33 proper operation, the ratio between the pixel surface area and the film thickness must 

34 not exceed a certain value determined by the electrical time constant of the electronic 
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1 equivalent of a pixel element. Since the typical pixel surface area to be used in most 

2 applications of the present invention will be only 10 to 500 square microns, the 

3 conductive coating film thickness used for such applications can be adjusted to comply 

4 with the requirements for transparency to ultra violet light. 
5 

6 Special procedures 
7 

8 The two special procedures described in this section, a test procedure and an 

9 alternate interconnection procedure, are associated with the second, thkd and fourth 

10 embodiments of the present invention and are specifically recommended for very high 

11 density nucro arrays. 
12 

13 The test and repair procedure provides means for testing the integrity of every 

14 transistor switch in the micro array. It consists of the sequence of steps which are 

15 outlined below with reference to the figures indicated in parenthesis; 
16 

17 (a) Defining on the polysilicon islands 210 (Fig. 12) the double polysiUcon 

18 ttansistor switches as described in the second embodiment of the present 

19 invention; 
20 

21 (b) Defining the first layer metalization, comprising the following: 

22 1. The gate control lines 114 (Fig. 12) within the micro array area; 

23 2. The conductive trace extensions 139 (Fig. 2) of the gate control lines 114 

24 (Fig. 10) widiin the periphraal metal interconnect system 138 (Fig. 1); 

25 3. The conductive trace oc^isions 139 (Fig. 2) of the data lines 115 (Fig. 

26 10) within the penLphnal metal intnconnection system 138 (Fig. 1); 

27 4. The gate area of the secondary control gates 127 (Fig. 10); 
28 

29 (c) Depositing and patterning a dielecttic isolation layer covering entirely die gate 

30 control lines 114 (Fig. 1) and die peripheral metal interconnect system 138 

31 (Fig* 1). Such patterning must include contact openings to the second 

32 metalization traces 142 (Fig. 2) in tiie pwiphwal metal interconnect system 

33 138 (Fig.1); 
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1 (d) Defining the second layer metalizadon, comprising the following: 

2 1. Two interdigitated sets of temporary test lines placed over the areas 

3 corresponding to colmnns of pixels. The first set, comprises the 

4 temporary somx:e rest lines 132 (Fig, 12). Each of these test lines is 

5 connected to the source contacts 112 (Fig. 12) of all the transistor 

6 switches adjacent to the column of pixels over which that test line is 

7 placed. The second set, comprises the temporary drain test lines 133 

8 (Fig, 12). Each of these test lines is connected to the primary drain 

9 contacts 126 (Fig, 12) of all the transistor switches adjacent to the 

10 column of pixels over which that test line is placed. In addition, these 

11 two sets of test lines will connect to the conductive trace extensions 139 

12 (Fig. 1) of the data lines 115 (Fig. 10) defined during the first layer 

13 metalization as described in sections (b) 2. and (b) 3. above; 

14 2. The second metalization of the peripheral metal interconnect system, 

15 comprising the intermetalization connections 140 (Fig. 14A), tiie second 

16 metalization traces 142 (Fig. 14A) and, if the intended configuration only 

17 comprises two metal layers, the circuit connecting pads 144 (Fig. 14A) 

18 which will be used as probing pads; 
19 

20 (e) This step, applicable only if the intended configuration comprises three metal 

21 layers, consists of depositing and patterning a dielectric isolation layer 

22 covering entirely the peripheral metal interconnect system 138 (Fig. 1) and 

23 including contact openings to the third metalization layer; 
24 

25 (f) This step, applicable only if the intended configuration comprises three metal 

26 layers, consists of defining the third layer metalization comprising the 

27 intemietalization connections 140 (Fig. 14B) and the circuit connecting pads 

28 144 (Fig. 14B) which may incorporate the probing areas 344 (Fig. 14B); 

29 

30 (g) Testing every transistor switch in the micro array by probing the appropriate 

31 pads; 
32 

33 (h) Removing the primary gate connection to the gate control line 114 (Fig. 12) 

34 and primary drain connection to the drain test line 133 (Fig. 12) of any 
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1 
2 
3 



8 
9 
10 



13 
14 



17 
18 
19 
20 



transistor switches found to be defective and replacing the same by alternative 
connections to the redundant counterparts of such defective transistor switches. 
This is done by means of the alternate interconnection procedure defined 



4 below; 
5 

6 (i) Repeating the applicable portions of die above test procedure to verify that all 

7 replacement ttansistor switches are functional; 



0) Removing the temporary source test lines 132 (Fig. 12). die temporary drain 
test lines 133 (Fig. 12). die alternate gate connections 227 (Fig. 12) and the 
alternate drain connections 228 (Fig. 12); 

12 

(k) Defining the pixel electrodes 104 (Fig. 10) widi die pixel tabs 116 (Fig. 10) 
connected to die source contacts 112 (Fig. 10) of die matching transistor 
15 switches; 
16 



(1) Depositing a layer of dielecttic over die columns of pixel gaps 106 (Fig. 12) 
containing die transistor switches and patterning dus dielectric, where 
applicable due to failure of die primary transistor, widi openings to the first 
metal previously deposited over die gate area of die secondary control gates 
21 127 (Fig. 12); 

22 

23 (m) Defining die secondary conurol gate connections 129 (Fig. 10) where 

24 applicable due to failure of die primary transistor switch; 
25 

26 (n) Depositing dielectric over die secondary control gate connections 129 (Fig 

27 10); 
28 

29 (o) Defining die appropriate contact openings to die primary drain contact 126 

30 (F»g- 10) or to die secondary drain contact 128 (Fig. 10). as may be 

31 applicable. 
32 

33 (p) Defining data lines 115 (Fig. 10) over die columns of pixel gaps 106 (Fig. 

34 10) containing die ttansistor switches. These lines connect eidier the primary 
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1 drain contact 126 (Fig. 10) or the secondary drain contact 128 (Fig. 10), as 

2 may be applicable, of each transistor switch in that column of pixel gaps 106 

3 (Fig. 10) to a matching conductive trace extension 139 (Fig. 1) in the 

4 peripheral interconnect system 138 (Fig. 1); 
5 

6 (q) Die attaching and testing the peripheral circuitry. 
7 

8 (r) Replacing peripheral circuits found to be defective. 
9 

10 (s) Connecting the peripheral circuits to the peripheral interconnect system. 
11 

12 The alternate interconnection procedure provides means for replacing every 

13 defective transistor switch in the micro array by an alternate transistor switch which is 

14 to operate in its place. It consists of the following sequence of steps applicable to each 

15 defective transistor switch: 
16 

17 (a) Locally removing by a selective photolithographic process the dielectric 

18 isolation and the metal over the defective gate area 225 (Fig. 12), which is 

19 the area where the gate control line 114 (Fig. 12) lies over the primary 

20 control gate 125 (Fig. 12) of the primary transistor switch; 
21 

22 (b) Locally removing by a selective photolithographic process the primary drain 

23 link 226 (Fig. 12) which is the connection between the drain test line 133 

24 (Fig. 12) and the primary drain contact 126 (Fig. 12) of the defective 

25 transistor switch; 
26 

27 (c) Selectively depositing dielectric over the defective gate area 225 (Fig. 12) of 

28 the defective primary transistor switch; 
29 

30 (d) Defining appropriate contact openings to the gate control line, on both sides 

31 of the defective gate area 225 (Fig. 12); 
32 

33 (e) Defining the following alternate metal connections: 

34 1. The alternate gate connection 227 (Fig. 12), which coimects the gate 
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control line 114 (Kg. 12) to the secondary gate 127 (Fig. 12) of the 
defective transistor switch and bridges the gap generated on the gate 
control line U4 (Fig. 12) by step (a) above; 

The alternate drain connection 228 (Fig. 12). which connects the 
temporary drain test line 133 (Fig. 12) to the secondary drain contact 128 
(Fig. 12) of the defective transisKxr switch. 
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1 OPERATION OF THE INVENTION 
2 

3 The operation of the programmable masking device which is the object of the 

4 present invention is desciibed first with reference to Fig. 18 which illustrates the use of 

5 this device in dixect imaging photolithographic applications. Next, the operadon of the 

6 various embodiments of this device, is described with reference to Figs. 19, 20, 21 and 

7 22 which illustrate the use of such embodiments in projection systems for visual 

8 display, three dimensional imaging, holographic imaging and printing systems, 

9 respectively. 
10 

11 Fig. 18 is a pictorial representation of a photolithographic exposure apparams 

12 illustrating the use of the programmable masking device, which is the object of the 

13 present invention, to generate images on a photosensitive target surface direcdy from 

14 data provided by a computer system, a technology presentiy described as direct 

15 imaging. This programmable masking device, built entirely of solid state elements, 

16 operates in conjunction with exposure systems in a manner similar to conventional non 

17 programmable masking devices. The apparatus of Fig. 18 comprises a light souroe 159 

18 within a light housing 160 which is equipped with a light shutter 161. The light 

19 generated by the light source 159 is directed by the illumination optics 162 onto the 

20 surface of a programmable masking device 164 where it provides uniform illumination 

21 163. A computer system 165 provides the pattern generation data necessary to generate 

22 the desired transparent images on the micro array of the programmable masking device 

23 164. These images are then transferred by means of the exposure optics 166 onto the 

24 photosensitive target surface 167. Under normal operating conditions, the computer 

25 system 165 can download to the programmable masking device 164 the desired 

26 patterning data while the photosensitive target surface 167 is being aligned to the 

27 exposure optics. Upon completion of the aligmnent, the shutter 161 is momentarily 

28 opened for a preset exposure time. This cycle is then repeated with the next 

29 photosensitive target surface or the next site on the same photosensitive target surface. 

30 In most photolithographic applications, typical exposure systems designed to 

31 operate with conventional masking devices, must be modified to accommodate the 

32 larger size of the programmable masking device which is the object of this invention. 

33 However, once installed, this programmable masking device needs only to be removed 

34 to perform repairs and niiaintenance or to install another programmable masking device 
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1 with different characteristics. 



2 
3 
4 



Other than instaUation, repair and maintenance, human intervention is not needed. 
Under normal operating conditions, a computer system wiU be required for the use of 
5 this programmable masking device. The computer system wiU fuUy support and control 
such programmable masking device by downloading the required pattern generation data 
to the micro array memory. When appropriate, this conqjuter wiU also provide controls 
8 to refresh and modify the patterns generated. 
9 



6 
7 



10 
11 



Some of the most significant photolithographic appUcations for these 
programmable masking devices will be found in the semiconductor industry where such 

12 devices will introduce manufacturing flexibility, improve yields, reduce cycle times and 

13 reduce manufacturing costs. 



14 
15 



More specifically, these devices wiU provide means for repairing patterning 

16 defects on wafers, programming or altering the funcdonaUty of integrated circuits, cost 

17 effectively producing custom integrated circuits and generating complete systems on a 

18 single wafer. 



19 
20 
21 



When the exposure apparams is a wafer stepper, the computer system controlling 
the programmable masking device should be interfaced to such wafer stepper to 
22 synchronize the pattern generation with the mechanical stepping motion of the stepper. 



23 
24 
25 



Other very important appUcations of the present invention will be found in die 
cost effective manufacture of micro integrated systems comprising integrated circuits, in 

26 the die form, interconnected on a micro substrate. Such micro substrate wiU be 

27 produced by a technology similar to that used for die generation of the peripheral 

28 interconnect system of the programmable masking devices which are tiie subject of die 

29 present invention. 



30 
31 
32 



The manufacture of die programmable masking devices provides anodier important 
appUcation for tiieir use. As outiined in die section covering die descrq)tion of die 
33 present invention, die fabrication of diese programmable masldng devices requires die 
i4 use of prograxmnable photolithography for nerformine 
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1 interconnections. Such programmable photolithography can be implemented with the 

2 use of another programmable masking device specifically configured for such 

3 application. 
4 

5 Fig. 19 illustrates the operation of the present invention in a visual display 

6 projection system. Such system comprises a light source 159 within a light housing 

7 160. The light generated by the light source 159 is directed by the illumination optics 

8 162 onto the surface of the programmable masking device 164 where it provides 

9 uniform illumination 163. A heat shield 168, is inserted in the light path to protect the 

10 programmable masking device 164 from the heat emitted by the light source 159. A 

11 video signal processing system 169 provides the digital video image generation data 

12 necessary, to generate the desired transparent images on the micro array of the 

13 programmable masking device 164. These images are then transferred by means of the 

14 projection optics 170 onto a visual projection screen 171. Under normal operating 

15 conditions, the video signal processing system 169 continuously downloads to the 

16 programmable masking device 164 digital video imaging data at a rate conq^atible with 

17 video display imaging. The fifth embodiment of the present invention with the color 

18 imaging feature described previously would provide the proper features for the 

19 implementation of projection color television and multiple page computer monitor 

20 projection display systems. 
21 

22 Fig. 20 illustrates an application similar to that of Fig. 19 with the addition of a 

23 polarizer 172 for three dimensional projection viewing. All the elements described with 

24 reference to Fig. 19 have identical functions with reference to Fig. 20 and need not be 

25 repeated. The polarizer 172 is used in conjunction with polarizing glasses for three 

26 dimensional viewing. Under the control and synchroiuzed by the video signal 

27 processing system 169, the polarizer 172 alternates the polarization of the light 

28 emerging from the programmable masking device 164 between two orthogonal planes, 

29 thus providing separate images for each one of the viewer's eyes. 
30 

31 Fig. 21 illustrates the use of this invention in holographic imaging applications. 

32 For such applications, a laser source 173 would enait a lasCT beam 174 which would be 

33 dispersed by the dispersion optics 175 to provide uniform laser illumination 176 over 

34 the surface of the programmable masking device 164. Under the control of an 
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1 hologrs5)hic signal processing system 177 holographic patterns would be generated on 

2 the programmable masking device 164 which could be observed by the viewer 178. 

3 Since the patterns on the programmable masking device 164 could be continuously 

4 changed, the system described could provide means for the implementation of digitally 

5 controlled holographic television and computer monitor holographic viewing systems. 

6 Color holography could be implemented, as well, by the use of a laser source 

7 combining red. green and blue beams sequentially fired in synchronism with the 

8 viewmg ftames for each color generated by the holographic signal processing system 

9 177. 

LO 

1 Fig. 22 illustrates still anotiier potential appUcadon for the present invention as a 

2 printing apparatus. It presumes that the unaging data is available in digital format such 
.3 as tiiat generated directly by a computer system or otiierwise generated by digitizing a 
i4 real unage. Such apparatus would comprise a light source 159 within a light housing 
.5 160 equipped witii a Ught shutter 161. The light generated by tiie Ught source 159 
.6 would be directed by tiie illumination optics 162 onto th& surface of the programmable 
l7 masking device 164 where it would provide uniform illumination 163. An hnage 
.8 processing system 179 would provide die digitized unaging data necessary to generate 
19 tiie desired transparent images on tiie micro array of tiie programmable masking device 

20 164. These images would tiien be ffansferred by means of tiie projection optics 170 an 

21 tiie operation of tiie Ught shutter 161 onto a photosensitive reproducing device 180. 

22 This photosensitive reproducing device 180 would subsequentiy produce hard copies of 

23 tiie images defined on its surface. For simplicity. Fig. 22 depicts tiie photosensitive 

24 reproducing device 180 in a planar configuration. However, a cylindrical configuration 

25 such as the conventional drum of most modem office printing machines could also be 

26 used provided tiie projection optics would be equipped witii a scanning device 

27 synchronized with the movement of such drum. 
28 

29 CONCLUSIONS, RAMIFICATIONS AND SCOPE 
30 

31 Accordingly, tiie electronically programmable masking device, which is the subject 

32 of the present invention, introduces a new level of flexibility in the industrial use of 

33 photolitiiography by providing tiie capability for ttanslating computer aided design 

34 (CAD) data, directiy into images produced on a photosensitive target surface. At tiie 
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1 same time, it opens new opportunities in the fields of high definition projection color 

2 television, multiple page computer monitor projection display systems, holographic 

3 television, holographic computer monitor systems and printing devices. Some of the 

4 most important applications of the present invention will be found in the semiconductor 

5 industry, which is highly dependent upon die use of microlithography. The technology 

6 provided by the present invention will open the door to major evolutions in this 

7 industry in that: 
8 

9 * it will permit the design and manufacture of small volume custom integrated 

10 circuits to be done at a cost comparable to that of conunercial integrated 

11 circuits produced in high volume; 
12 

13 * it will permit the cost effective development of wafer scale integration, a 

14 technology whereby complete electronic systems, such as computers, can be 

15 built on a single wafer, 
16 

17 * it will provide the means to substantially increase semiconductor 

18 manufacturing yields by offering a technology for pattern repair, and 
19 

20 * it will provide means to substantially reduce product development and 

21 manufacturing cycle times. 
22 

23 While the descriptions herein contain many specificities, these should not be 

24 construed as limiting the scope of the present invention but as merely providing 

25 illustrations of some of the most relevant embodiments of the present invention. 
26 

27 For example, this electronically programmable masking device could be used in 

28 the printed circuit board industry to perform direct imaging from printed circuit layout 

29 data provided by computer systems. 
30 

31 Accordingly, the scope of the present invention should be determined not by the 

32 embodiments illustrated, but by the appended claims and their legal equivalents. 
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CLABVIS 

1 1. In an imaging system including a source of illumination, iUumination optics, a 

2 masking device, and projection optics for directing Hght passing through said masking 

3 device onto a target surface, an improved masking device comprising: 

4 means forming a liquid crystal micro array including a plurality of contiguous 

5 discreet programmable pixels wherein each of said pixels functions as a light valve for 

6 the light directed onto said target surface; and 
means responsive to externally generated input control signals for individuaUy 

8 concoUing in real time tiie optical Ught valve state of each of said pixels, 

1 2. An improved masking device as recited m claim 1 wherein the size of the image 

2 of each of said programmable pixels on die target surface is equal to or is a sub 

3 multiple of die minimum feature size to be generated on die target surface. 

1 3. An improved masking device as recited in claim 2 wherein adjacent pixels are 

2 separated by gaps of predetermined widtii and wherein die widtix of the gap between 

3 any two adjacent pixels is less than die minimum size which can be resolved by said 

4 optics so tiiat patterns imaged on a target surface are fiee of gaps between adjacent 

5 pixels. 

1 4. An improved niasking device as recited in claim I wherein said Uquid crystal 

2 micro array is comprised of: 

3 a transparent primary substrate coated on one side witii a transparent conductive 

4 fflm patterned to form an array of pixel electrodes and coated on a second side witii a 

5 light-polarizing film; 

6 a transparent secondary substrate coated on one side widi a continuous transparent 

7 conductive film fomiing a common electrode for said array of said pixel electrodes and 

8 coated on a second side with a light-polarizing film ; • 

9 means for precisely spacing and aHgning said primary and said secondary 

10 substrates parallel to each otiier so that said one sides form die opposite sides of a flat 

11 sealed chamber; 

12 a liquid crystal material di^osed within said chambCT; 

13 an array of transistor switches formed on die surface of said primary substrate and 
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14 configured such that each of said switches is associated with one of said pixel 

15 electrodes; 

16 a set of electronic control lines formed by conductive material deposited on the 

17 surface of said primary substrate; 

Ig a set of electronic data lines formed by conductive material deposited on the 

19 surface of said primary substrate; 

20 means for interconnecting the control electrode of each of said transistor switches 

21 to one of said control lines; 

22 means for interconnecting each of said pixel electrodes to one of said data lines 

23 via an electronically switchable connection made by one of said transistor switches; and 

24 means for coupling said input control signals to said control lines and said data 

25 lines. 

1 5. An improved masking device as recited in claim 4 wherein for the purpose of 

2 reducing the effective sheet resistivity of said common electrode, said secondary 

3 substrate further includes an opaque conductive film patterned over those areas of said 

4 secondary substrate delineated by the shadow of the space not occupied by the pixel 

5 electrodes on said primary substrate when said programmable masking device is 

6 operated under intended illumination conditions. 

1 6. An improved masking device as recited in claim 5 wherein for the purposes of 

2 providing a precise optical definition of the edges of each of said pixels in said micro 

3 array, the transparent area of each of said pixels is optically defined by the edges of 

4 said opaque conductive film formed on said secondary substrate. 

1 7. An improved masking device as recited in claim 6 and further including a discreet 



2 color filter optically associated with each said pixel, the color of each said color filter 

3 being selected firom the group consisting of red, green and blue colors, said color filters 

4 being respectively positioned relative to adjacent color filters such that a particular 

5 grouping of said color filters define a pattern which is repeated over said micro array 

6 of programmable pixels. 

1 8, An improved masking device as recited in clahn 4 wherein said array of transistor 

2 switches is configured with one primary transistor switch associated with each of said 
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3 pixel electrodes, and at least one secondary transistor switch associated with each of 

4 said pixel eleciiodes as means of providing transistor switch redundancy, and further 

5 including means for substimting through alternative iniercomiections, one of said 

6 secondary transistor switches for one of said primary transistor switches. 

1 9. An iim)roved masking device as recited in claim 4 wherein for each 

2 intercomiection formed via said control lines and said data lines at least one alternate 

3 interconnection is provided. 

1 10. An improved masking device as recited in claim 9 wherein said alternative 

2 intercomiections are created by forming said control lines and said data lines with 

3 — i-^— 1- 1 — - - . 

4 
5 
6 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



multiple layers of conductive material diiectiy superimposed upon each other with each 
layer being generated with a separate photolithographic operation as a means of 
statisticaUy insming tiiat defects on one layer do not comcide witii defects on anotiier 
layer, m mm statisticaUy insuring that said control lines and said data lines are ftee of 



7 undesirable discontinuities. 



11. An improved masking device as recited in claim 9 wherein said alternative 

2 mtercomiections are created by locaUy deposited a bridging metal trace over any 

3 discontinuity identified in said control lines and said data lines. 



12. An improved masking device as recited in claim 4 wherein said primary substrate 
IS extended to include an area laying outside the periphery of said micro array; 

a set of drive integrated circuits disposed upon said area and providing means for 
controlling die optical Ught valve state of each of said pixels; 

a set of interface integrated circuits disposed upon said area and providing means 
for mterfacmg and data linking said drive imegrated circuits to an external computer 
system for electronically processing and generating die desired patterning data; 

a multi-layer metalization system formed upon said substrate widiin said area; 
a set of bonding pads forined upon said substrate witiiin said area providing 
means for connecting said set of drive integrated circuits and said set of interface 

11 integrated circuits to said multiple layer metalization system; 

12 means for connecting said set of control lines and said set of data lines to 

13 appropriate points on said multiple layer metalization system; 
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14 a set of probing pads fonned upon said substrate within said area providing 

15 means for connecting external test systems to appropriate test points of said multiple 

16 layer metalization system, said test points being such as to provide means for testing 

17 the integrity of the electronic system of said programmable masking device; and 

18 means for connecting said set of interface circuits to a data communications 

19 connector system incorporated in said primary substrate wherein said data 

20 communicadons connector system can provide an intercoimecdon to an external data 

21 communications link providing access to said external computer system. 

1 13. An improved masking device as recited in claim 12 wherein said data 

2 communications connector system includes a coupling device for each data 

3 communications line and wherein the physical components of the transmitter portion 

4 and the receiver portion of said coupling device are physically isolated from each other 

5 so as to insure that no mechanical strain is applied to said programmable masking 

6 device by said connector system. 

1 14. An irrq)roved masking device as recited in claim 13 wherein said transmitter 

2 portion is an infrared transmitting device and said receiver portion is an infrared 

3 receiving device. 

1 IS. An improved masking device as recited in claim 4 wherein said means for 

2 controlling the light valve state of each of said pixels includes means for controlling the 

3 voltage applied between each of said pixel electrodes and said common electrode 

4 thereby providing means for modulating the transparency of each of said pixels. 

1 16. An improved masking device as recited in claim IS wherein said means for 

2 controlling the voltage applied between each of said pixel electrodes and said common 

3 electrode includes a digital-to-analog converter circuit. 

1 17. An improved masking device as recited in claim 1 wherein the optical 

2 characteristics of each said light valve are compatible with their use in conjunction with 

3 photolithographic exposure systems operating with ultraviolet illumination in the range 

4 of 240 to 470 nanometers. 
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.^.^ *««.6Xitjr uj. uw oansisKM: switcnes of a programmable 
masking device including a micro anay of discrete pixel electrodes disposed in an 
orderly anay of rows and columns on a transparent substrate forming one wall of a 
chamber containing a Uquid crystal material, a first set of electrical conductors disposed 
to overlay rows of spaces separating adjacent rows of said electrodes, a second set of 
electrical conductors disposed to overlay columns of spaces between said electrodes 
directed orthogonal to said rows of spaces and an anay of transistor switches, each of 
which is disposed proximate on the intersection of ones of said first and second 
conductors and electrically comiected thereto for selectively applying a controlled- 
10 voltage to a selected pixel electrode, comprismg the steps of 

defining by means of photoUthographic processes a set of electrical 
interconnections linking each of die electrodes of each of said transistor switehes in 
said anay to a set of probing pads on tiie periphery of said micro array, said set of 
probing pads providing means for electricaUy accessing each of said transistor switehes; 
performing predetermined electrical tests to establish the mtegrity of each of said 
16 transistor switehes; and 

removing by means of photohtiiographic processes die portions of said electrical 
interconnections which have no furtiier use in die final configuration of said 
19 programmable masking device. 
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19. A metiiod for substituting tfie interconnections of any primary transistor switch of 
a programmable masking device which may be defective by making interconnection to 
a matehing secondary transistor switeh in a micro array of discrete pkel electrodes 
disposed in an orderly array of rows and columns on a transparent substrate farming 
one wall of a chamber containing a liquid crystal material, a first set of electrical 

6 conductors disposed to overlay rows of spaces separating adjacent rows of said 

7 electrodes, a second set of electrical conductors disposed to overlay coUunns of spaces 
between said electrodes directed ortiiogonal to said rows of spaces and an array of 
transistor switehes. each including a primary transistor devfce and a secondary transistor 
device disposed proximate on tiie intersection of ones of said first and second 
conductors and electrically connected tiiereto for selectively applying a controUed 

12 voltage to a selected pixel electrode, conning die steps of: 

removing by means of selective photoliUiographic processes die portions of die 
electrical interconnections linking die primary gate and die primary drain of each said 
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15 primary transistor switch which lias no further use in the final configuration of said 

16 programmable masidng device; and 

17 defining and generating by means of selective photo-lithographic processes an 

18 alternative set of inter-connections to each said secondary transistor switch which will 

19 be required to operate in place of a corresponding primaxy transistor switch found to be 

20 defective. 

1 20. A n:iethod of direct imaging onto a target surface pattrais defined by patterning 

2 data provided by a computer system, comprising the steps of: 

3 providing a source of illumination; 

4 providing a progranmiable masking device including a liquid crystal micro array 

5 having a plurality of contiguous discrete programmable pixels responsive to electrical 

6 inputs and each of which pixels functions as a light valve for blocking or transmitting 

7 Ught; 

8 providing means for directing light from said light source through said masking 

9 device and onto said target surface; and 

10 providing electronic means for selectively programming each of said 

11 programmable pixels so that light passing through said masidng device farms a desired 

12 image on said target surface. 

1 21. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and is a patterned substrate and wherein the image 

3 cast onto said substrate is used to photolithographically repair patterning defects 

4 previously identified on said patterned substrate. 

1 22. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and the light passing through said masking device 

3 is used to alter the functionality of a solid state circuit formed upon said target surface 

4 by altering specific patterns on said solid state circuits in response to digital data 

5 generated by said computer system and input to said masking device to control the 

6 pattern of light generated thereby. 

1 23. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and said image causes a solid state circuit forming 
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said target surface to have specific patterns altered thereon in response to electronic 
signals input to said masking device by said computer system. 

24. A method of direct imaging onto a target suifece as recited in claim 20 wherein 
said target surface is photosensitive and further comprising the step of employing said 
image to produce custom soUd state dicuits by generating the specific patterns required 
for production thereof directly fiom digital data provided by said coapxtter system. 

25. A method of direct imaging onto a target surfece as recited in claim 20 wherein 
said target surface is photosensitive and further comprising the step of employing said 
image to change firom site lo site the patterns printed on a substrate with the use of a 
step-and-repeat exposure system. 

26. A method of direct imaging onto a target surface as recited in claim 20 wherein 
said target surface is photosensitive and further including the step of employing said 
image to produce electronic inter-connections in electronic devices disposed on said 
photo-sensitive target surface. 

27. A method of direct imaging onto a target surface as recited in claim 20 wherein 
said target surface is a visual projection screen and wherein each pbcel of the projected 
image corresponds to digitized video infomation input to said masking device from a 
computing system. 

28. A method of direct imaging onto a target surfece as recited in claim 20 wherein 

said progranmiable pixels are formed by pixel electrodes and a common electrode 

having a Uquid crystal material disposed therebetween and further con^rising die step 
of: 

controlling the voltage applied between said pixel electrodes and said common 
electrode to control die Ught valve state of each of said pbcels thereby providing means 
for modulating die transparency of each of said pixels. 

29. A metfiod of direct imaging onto a target surface as recited in claim 28 and 
further cooqnising the step of: 

providing a digital-to-analog converter circuit for controlling the voltage applied 
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4 between each of said pixel electrodes and said conunon electrode. 

1 30. A method of direct imaging onto a target surface as recited in claim 20 for 

2 generating in real time three-dimensional digitized video images by causing said 

3 programmable masking device to alternatively develop cross-polarized images which 

4 when viewed with polarizing eyeglasses appear to a viewer to provide a three- 

5 dimensional image. 

1 31. A method of direct imaging onto a target surface as recited in claim 20 and 

2 further comprising using said masking device to generate, in real time, holographic 

3 images in response to digitized holographic video data input thereto firom a computing 

4 means. 

1 32. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and further comprising projecting the image cast by 

3 said masking device into a printing means to reproduce on paper digitized video ioiages 

4 corresponding to digitized video signals input to said masking device from a computing 

5 means. 

1 33. A method of providing a masking device for use in conjunction with a source of 

2 illumination, illumination optics, and exposure optics for directing light through said 

3 masking device and onto a target surface, comprising the steps of: 

4 providing a transparent primary surface coated on one side with a transparent 

5 conductive film patterned to form an array of pixel electrodes and coated on a second 

6 side with a light-polarizing film; 

7 providing a transparent secondary substrate coated on one side with a continuous 

8 transparent conductive fl^y" forming a common electrode for said array of pixel 

9 electrodes and coated on a second side with a light-polarizing film; 

10 providing means for precisely spacing and aligiung said primary and said 

11 secondary substrates parallel to each other so that said one sides form the opposite 

12 sides of a flat sealed chamber, 

13 providing a liquid crystal material disposed within said chamber, 

14 forming an array of transistor switches on the surface of said primary substrate 

15 configured such that each of said switches is associated with one of said pixel 
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electxodes; 

foiming a set of control lines by depositing conductive mateiiai on Ae surfece of 
said piimaxy substrate; 

forming a set of data lines by depositing conductive matraial on the surface of 
said primary substrate; 

providing means for int»connecting the control elecurode of each of said transistor 
switches to one of said control lines; 

providing means for interconnecting each of said pixel electrodes to one of said 
data lines via an electrically switchable connection made by one of said transistor 
switches; and 

providing a means for coupling input control signals to said control lines and said 
data lines. 

34. A method of providing a masking device as recited in daim 33 and further 
cooqirising die step of: 

redudng the effective sheet resistivity of said common electtode by providing an 
opaque conductive film on said secondary substrate over those areas of said second 
substrate delineated by die shadow of die spaces separating die pixel electrodes on said 
primary substrate when said programmable masking device is operated under intnided 
illumination conditions. 

35. A mediod of providing a masking device as recited in claim 34 and furtiier 
conqtrising the step of: 

optically defining die edges of said opaque conductive film formed on said 
secondary substtate to provide a precise optical definition of die edges of each of said 
pixels in said micro array. 

* 

36. A metiiod of providing a masking device as recited in claim 33 and furtiier 
comprising the step of: 

providing a discrete color filter in (^tical association with each said pixel 
electrode, the color of each said color filter being selected ficom the group consisting of 
red, green and blue colors, said color filters being respectively positioned relative to 
adjacent color filters such diat a particular grouping of said color filtras defines a 
pattern which is repeated ovct said micro array of programmable pixels. 
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1 37. A method of providing a masking device as recited in claim 33 and further 

2 comprising the steps of: 

3 configuring said array of transistor switches to have one primary transistor switch 

4 and at least one secondary transistor switch associated with each of said pixel 

5 electrodes to provide transistor switch redundancy; and 

6 providing means for subsdtuting, through alternative intmoimections, one of said 

7 secondary transistor switches for one of said primary transistor switches. 

1 38. A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 forming at least one altemadve interconnection for each interconnection formed 

4 via said control lines and said data lines. 

1 39. A method of providing a masking device as recited in claim 38 and further 

2 comprising the step of: 

3 creating said alternative intCTCoimections by forming said control lines and said 

4 data lines with multiple layers of conductive material directiy superimposed upon each 

5 other with each layer being generated by a separate photo-lithographic operation as a 

6 means of statistically insuring that defects on one layer do not coincide with defects on 

7 another layer so as to statistically insure that said control lines and said data lines are 

8 free of undesirable discontinuities. 

1 40. A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 repairing discontinuities in said data lines and said control lines by locally 

4 depositing a bridging metal trace over any discontinuity identified therein. 

1 41. A method of providing a masking device as recited in claim 33 and further 

2 comprising the steps of: 

3 extending said primary substrate to include an area on the periphery of said micro 

4 array forming a multilayer metalization system in said area; 

5 disposing a set of integrated driver circuits upon said area to provide means for 

6 connrolling the optical light valve state of each of said pixels; 
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7 disposing a set of integrated interface circuits upon said area to provide means for 

8 interfacing and data-linking said integrated driver circuits to an external computer 

9 system for electronically processing and generating desired patterning data; 
forming a set of bonding pads to provide means for connecting said set of 

integrated driver circuits and said set of integrated interface circuits to said multiple 

12 layex metalizadon system; 

13 providing means for connecting said set of control lines and said set of data lines 

14 to appropriate points on said multiple layer metalization system; 

providing a set of probing pads in said area to connect external test systems to 

appropriate test points of said multiple layer metalization system, said test points being 
such as to provide means for testing the electrical integrity of said programmable 

18 masldng device; and 

19 providing means for connecting said set of interface circuits to a data 

20 communications connector system incorporated in one of said substrates to provide an 

21 inter-connection to an external data communication link providing access to an external 

22 computer system. 

1 42. A metiiod of providing a masking device as recited in claim 41 and further 

2 conxprising the step of: 

providing a coupling device for each data communications line in said connector 
system and for causing the physical corrqjonents of die transmitting portion and the 
receiving portion of said coupling device to be physically isolated fiom each other so 

6 as to insure tiiat no mechanical strain is applied to said programmable masking device 

7 by said connector system. 

1 43. A method of providing a masking device as recited in claim 42 and further 

2 conqnising the step of: 

3 providing an mfrared transmitting device for use in said transmitting portion and 

4 providmg an in&ared receiving device for use in said receiving portion. 

1 44. A metiiod of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 controlling tiie voltage applied between said pixel electrodes and said common 

4 electrode to control the Hght valve state of each of said pixels tiiereby providmg means 
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5 for modulating the transparency of each of said pixels. 

1 45. A method of providing a masking device as recited in claim 44 and further 

2 comprising the step of: 

3 providing a digital-to-analog converter circuit for controlling the voltage applied 

4 between each of said pixel electrodes and said common electrode. 

1 46- A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 selecting the optical characteristics of each said light valve to be compatible with 

4 its use in conjunction with exposure systems operating with ultraviolet illumination in 

5 the range of 240-470 nanometers. 
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138-PERIPHERAL INTERCONNECT SYSTEM 
143-INTEGRATED CIRCUIT IN DIE FORM 
144-CIRCUIT CONNECTING PAD 






mnan 

□ A □ 

□ □□ 



i-:>»»y. 



□ □ □ 

□ □ 






□ □ □ 


-^^^ 


□ □□ 


m 


1 


□ □ 




□ □ 






□ □ □ 




□ □ □ 


m 


4 

'M 






j»;*^;*;-v%j»v^».^ V".' , ■. 

■r* .xIo^Xvi-Xn-v '1*1 




□ □ □ 




□ □ □ 




»x 
'>'<• 


□ □ 




□ □ 






□ □ □ 


mm 

m 


□ □ □ 






^^^^^^ 
^^^^^ 




^^^^^ 






□ □ □ 




□ □ □ 








sv.w.'.-. 


□ □ 






□ □ □ 




□ □ □ 





LIQUID CRYSTAL MICRO ARRAY 




149-RiBBON CABLE CONNECTION 



IlilNIIII 



Fig . 1 



wo 91/10170 



2/22 



PCT/US90/07331 




C>4 



■H 



wo 91/10170 



3/22 



» 




' wo 91/10170 



PCr/US90/07331 



4/22 




Fig . 4 
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132-TEMPORARY SOURCE TEST LINE 



Fig. 12 
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Fig. 13A 
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Fig. 13B 
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139-CONDUCTIVE TRACE EXTENSION 



140-INTERMETALIZATiON CONNECTION 




-i142-SECOND METALIZATION TRACES 



147- PA OS LABELED B 



140.INTERMETALIZATION CONNECTION 
I 



METALIZATION TRACES 



^ M40-INTERMETAUZATION 

i A 



CONNECTION 




145-PADS LABELED A 



144.CIRCUIT CONNECTING PAD 
148-SECOND GROUP OF TRACES 
146-FIRST GROUP OF TRACES 



Fig. 14A 
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ISO-INFRARED TRANSMITTER 



102-PRiMARY SUBSTRATE 



151-INFRARED RECEIVER 




153-INTERCONNECT 

TRACES 



151-INFRAREO RECEIVER 
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153-INTERCONNECT 
TRACES 



1S2-CONNECTOR BODY 



150-INFRARED TRANSMITTER 



Fig. 15 



1S2-CONNECTOR BODY 



151-INFRARED RECEIVER 





150-INFRARED TRANSMITTER 



102-PRIMARY SUBSTRATE 



Fig. 16 
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159-LIGHT SOURCE 



161-SHUTTER 




160-UGHT HOUSING 



162-iLLUMINATION OPTICS 



163-ILLUMINATION 
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164-PROGRAMMABLE 
MASKING DEVICE 



166-EXPOSURE OPTICS 




165- 
COMPUTER 
SYSTEM 



■167-PHOTOSENSITIVE TARGET SURFACE 



Fig. 18 
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159-LIGHT SOURCE 



160-LIGHT HOUSING 



161-SHUTTER 



162>ILLUMINATI0N OPTICS 



163>ILLUMINATION 



164-PROGRAMMABLE 
MASKING DEVICE 



170-PROJECTION OPTICS 




180-PHOTOSENSmVE REPRODUCING DEVICE 



Fig. 22 
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